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DESCRIPTION 



MESSAGE WRITING APPARATUS, MESSAGE WRITING METHOD, MESSAGE 
READOUT APPARATUS, MESSAGE READOUT METHOD, MEMORY ADDRESS 
CONTROL CIRCUIT FOR WRITING OF VARIABLE -LENGTH MESSAGE AND 
MEMORY ADDRESS CONTROL CIRCUIT FOR READOUT OF 
VARIABLE -LENGTH MESSAGE 

Technical Field 

The present invention relates to a message writing 
apparatus, a message writing method, a message readout 
apparatus , a message readout method, a memory address control 
circuit for writing of a variable -length message and a memory 
address control circuit for readout of a variable -length 
message, which are suitable for use in transmission/reception 
of an AAL5 message. 

Background Art 

In the recent years, an ATM-PON (Asynchronous Transfer 
Mode-Passive Optical Network) system has been employed for 
efficient communications using an ATM (Asynchronous Transfer 
Mode) network. FIG. 21 is an illustration of a configuration 
of the ATM-PON system. An ATM-PON system shown in FIG. 21 
is of a type, for example, providing a telephone service or 
video service, and is made up of an ONU (Optical Network Unit) 
group 70, an ODN (Optical Distribution Network) 71, an 
ATM-optical subscriber line terminating unit 75, an SDH 
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trunk-system multiplexer 76, a router 74, a DCN (Digital 
Connection Network) 73 and an OPS (Operation System) 72. 

In this configuration, the ONU group 70 includes a 
plurality of ONUs, for example, 64 ONUs #1 to #64 as shown 
5 in FIG. 21. These ONUs are connected to homes to accommodate 
the ordinary users. Moreover, each of the ONUs interchanges 
serial numbers or identification information with the ODN 
71 to allow the ODN 71 to identify terminal names . A sequence 
therefor will be described later with reference to FIG. 27. 

10 In addition, the ODN 71 is for 

time-division-multiplexing ATM-PON cells in a direction from 
the ONU group 70 to the ATM- optical subscriber line terminating 
unit 75 and for branching ATM-PON cells in a direction from 
the ATM- optical subscriber line terminating unit 75 to the 

15 ONU group 70. 

The ATM- optical subscriber line terminating unit 75 is 
for establishing an interface between optical subscribers 
on the ONU group 70 side and an ATM network on the SDH 
trunk- system (backbone) multiplexer 76 side, and further for 

20 controlling transmissions. 

FIG. 22(a) is an illustration of a configuration of a 
150-Mbps down stream frame, and FIG. 22(b) is an illustration 
of a configuration of a 150-Mbps up stream frame. The down 
stream frame shown in FIG. 22(a) is a frame to be transmitted 

25 in a direction from the ATM-optical subscriber line 

terminating unit 75 to the ODN 71, while the up stream frame 
shown in FIG. 22(b) is a frame to be transmitted in a direction 
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from the ODN 71 to the ATM-optical subscriber line terminating 
unit 75. 

In FIG. 22(a), PLOAMs #1 and #2 included in the down 
stream frame are performance monitoring cells , while ATM Cell 
5 #1 to ATM Cell #54 included therein are user cells. These 
performance monitoring cells are cells for monitoring 
transmission lines, and are automatically sent whenever the 
transmission side transmits 27 user cells. 

Concretely, The PLOAM #1 includes information on a path 

10 connection-accepting side, or others. An ATM header 

indicated by circled numeral 1 is a header section of an ATM 
cell transmitted, an IDEN indicated by circled numeral 2 is 
for identifying the head of a PLOAM cell, and a SYNC indicated 
by circled numeral 3 holds a count value written for timing 

15 generation. Moreover, GRANT 1 to 27 indicated by circled 
numeral 4 contains transmission grant information on an 
up- transmission line with respect to each ONU. The grant 
contents are seven in number. Still moreover, a message • 
PON- ID indicated by circled numeral 5 signifies a destination 

20 ID on the message transmitting side, a message • ID indicated 
by circled numeral 6 signifies a message • type identifier, 
and a message • field indicated by circled numeral 7 is for 
displaying message contents. Yet moreover, a BIP indicated 
by circled numeral 8 signifies a code for calculation of a 

25 bit error rate of ATM cells before the PLOAM cell. 

Furthermore, the up stream frame shown in FIG. 22(b) 
is a time-division-multiplexed frame comprising user cells 
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ATM Cell #1 to ATM Cell #53. Bits (screened) additionally 
placed before each of the ATM Cells represent three-byte 
overhead, which is for controlling the contents in accordance 
with a message in a down-PLOAM cell. 
5 In addition, in FIG. 21, the SDH trunk- system multiplexer 

76 is for transmitting main signal data through the use of 
ATM cells, the router 74 serves as a station at transmission 
of the main signal data, and the DCN 73 denotes a digital 
network. Still additionally, the OPS 72 is for remotely 

10 implementing centralized control of the ONU group 70 or the 
ATM-optical subscriber line terminating unit 75. 

Still furthermore, in FIG. 21, coarse dotted lines depict 
control paths (control connections) between the ATM-optical 
subscriber line terminating unit 75 and the ONU group 70, 

15 while a fine dotted line depicts a main signal data path (main 
signal connection) between the ATM-optical subscriber line 
terminating unit 75 and the ONU group 70. 

These paths establish multi-connection. For example, 
main signal data from the ONU group 70 existing in a city 

20 A pass through the main signal data path and are 

time-division-multiplexed in the ODN 71, and then are 
transmitted through the ATM-optical subscriber line 
terminating unit 75 to the SDH trunk-system multiplexer 76 
existing in a city B. In addition, control signals from the 

25 ONU group 70 pass through the control paths and are 

time-division-multiplexed in the ODN 71 and then inputted 
to the ATM-optical subscriber line terminating unit 75, but 



5 



10 



15 



20 



25 



not transmitted from this ATM-optical subscriber line 
terminating unit 75 to the external. 

Moreover, in the ATM-optical subscriber line terminating 
unit 75 shown in FIG- 21, a PON-IF section 75d on the ODN 
71 side is for performing format conversion between an ATM 
cell and an ATM-PON cell, an ATM-SW 75c is for switching main 
signal data, and an ATM- IF section 75e for making an interface 
for cell transmission between the ATM-optical subscriber line 
terminating unit 75 and the SDH trunk- system multiplexer 76. 

Still moreover, a SEMF-IF section 75a connected to the 
router 74 side is for extracting a control command from a 
signal transmitted from an OPS 72 to send it to an OAM-IF 
section 80. and concretely, is for performing format 
conversion of a frame from the OPS 72. 

Yet moreover, the OAM-IF section 80 is for receiving 
and assembling only one path for ATM cells inputted from the 
PON-IF section 75d to perform conversion to an adaptation 
layer AAL5 (ATMAdaptation Layer 5 ) message . Concretely, this 
OAM-IF section 80 assembles only one of a plurality of cells 
coming from the ONU group 70 through the use of a receiving 
buffer on the basis of a control command from the SEMF-IF 
section 75a and sends it out as an AAL5 message to the ATM- IF 
section 75e. 

This AAL5 message signifies one of AAL0, AAL1, AAL3/4, 
AAL4 and AAL5 of an adaptation layer, different according 
to data type or data rate . As well known , the layer structure 
in the ATM communication comprises a physical layer, an ATM 
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layer forming an upper layer of the physical layer for 
establishing connections in an ATM network to interchange 
ATM cells, and an ATM adaptation layer forming an upper layer 
of the ATM layer for translating information data and ATM 
5 cells. For example, with respect to a large volume of 

information data, ATM cells divided in units of 48 bytes are 
generated in the ATM adaptation layer and processed by the 
ATM layer and the physical layer. Moreover, this adaptation 
layer is classified into AALO, AAL1, AAL3/4, AAL4 and AAL5 
10 on the basis of information data types or information data 
rates. 

Of these, the AAL5 is a layer for transmitting IP data 
or the like through an ATM network. In this AAL5, a 
variable -length pad (pseudo-data) is added to transmission 

15 data to form a multiple of 48 bytes and the pad- added data 
is CRC-operation-processed so that a parity is added to the 
variable-length pad added data. All the data thus obtained 
are outputted as CS-PDU which in turn, produces ATM cells 
divided into segments of 48 bytes , which can prevent bit errors 

20 or cell loss. 

Thus, for example, ATM- PON cells passing through a 
plurality of paths from 64 ONUs #1 to #64 are 
time-division-multiplexed in the ODN 71 and converted into 
ATM cells in the PON- IF section 75d and further 

25 switching-processed in the.ATM-SW 75c. These ATM cells are 
sent from the ATM- IF section 75e to the SDH trunk-system 
multiplexer 76. Moreover, the ATM cells sent from the SDH 
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trunk-system multiplexer 76 are inputted through the ATM- IF 
section 75e to the OAM-IF section 80. 

At this time, in this OAM-IF section 80, the receive 
assembling is made with respect to only one of a plurality 
5 of paths, thus conducting conversion into an AAL5 message. 
In addition, this AAL5 message is sent out from the SDH 
trunk-system multiplexer 76. In this connection, this path 
information indicates a path identified by the VPi (Virtual 
Path identifier) and VCi (Virtual Channel identifier) in an 
10 ATM cell header. 

FIG. 23 is a block diagram showing a conventional OAM-IF 
section, in FIG. 23. an OAM-IF section 80 is composed of an 
ATM cell assembling unit 81 and an external memory (receiving 
buffer) 82. In this configuration, a path recognizing section 
81a is for extracting path information from a received cell 
to abandon the received cell other than the path information 
on the receive assembling processing. A received message 
assembling section 81b is for conducting cell assembling on 
an AAL5 message having the path information on the assembling 
to output readout information, and an external memory control 
81d is for controlling the readout from the external memory 
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25 
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In this connection, in FIG. 21. in a case in which a 
timing at which the OAM-IF section 80 receives a command from 
the SEMF-IF section 75aanda timingat whichmessage assembling 
processing is conducted in the external memory 82 differ 
time-wise from each other . an arbitrating section 81c mediates 



8 



this time-wise difference , with it being controlled by a signal 
inputted from a CPU control section (not shown). 

Secondly, a method of selecting one of received cells 
in the above -de scribed configuration will be described 
hereinbelow with reference to FIG . 24 . FIG . 24 is a flowchart 
showing conventional received cell assembling processing. 
As FIG. 24 shows, upon reception of an ATM cell (step Fl), 
a step F2 is implemented to extract path information from 
the received cell for checking whether or not it agrees with 
path information on receive assembling processing. If the 
agreement takes place, the YES route is taken for conducting 
cell assembling with respect to an AAL5 message having the 
assembling path information, and data on the received cell 
is written in the external memory 82 (step F3) . On the other 
hand, if the checking result in the step F2 indicates no 
agreement, the NO route is taken for abandon the received 
cell other than that path information (step F4). 

FIG. 25 is an illustrative view showing a flow from the 
ATM cell reception to the AAL5 message assembling. In FIG. 
25, the received message assembling section 81b conducts the 
AAL5 message assembling with respect to an ATM cell transmitted 
through a path 1. Incidentally, this path information (for 
example, information indicative of path 1) is set on both 
transmission and reception. 

FIG. 26 is an illustrative view showing a flow to be 
taken for when , upon the reception of an ATM cell , the received 
cell is abandoned. InFIG. 26, the receivedmessage assembling 
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section 81b conducts the AAL5 message assembling with respect 
to the path 1. Moreover, when ATM cells 82a , 82b and 82c 
transmitted through the path 1 and ATM cells 83a and 83b 
transmitted through a path 2 are inputted to this received 
5 message assembling section 81b , the ATM cells 82a, 82b and 
82c from the path 1 undergo the AAL5 message assembling in 
the external memory 82. On the other hand, the ATM cells 83a 
and 83b from the path 2 other than the set path, which have 
come in, are not subjected to the AAL5 message assembling 

10 on the path 2, but are abandoned. 

A description will be added of the above-mentioned ONU. 
FIG. 27 is an illustration of a start-up sequence of the ONU. 
As FIG. 27 shows, in response to the power-on, the ONU takes 
an initial state (step PI), and upon the establishment the 

15 synchronization with the ODN 71 , it enters a delay measurement 
standby state -1 (step P2). Then, after the setting of 
parameters, it falls into a delay measurement standby state 
-2 (step P3). When serial numbers are interchanged with 
respect to the PON- IF section 75d and the serial numbers are 

20 identical to each other, the YES route is taken so that it 
becomes a delay measurement standby state -3 (step P4). 

Following this, examination is made on an optical laser 
output. If the examination shows a satisfactory result, the 
YES route is taken so that it falls in an operation standby 

25 state - 1 ( step P5 ) . At this time , the serial numbers are again 
interchanged with respect to the PON- IF section 75d and an 
identification number is communicated thereto, and it enters 
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an operation standby state -2 (step P6). Moreover, 
identification numbers for identifying a plurality of ONUs 
are added to the PON- IF section 75d and it enters an operation 
standby state -3 ( step P7 ) . In response to a notice on a delay 
adjustment indication value, the YES route is taken so that 
it takes an operating state (step P8). Furthermore, the 
setting of a path takes place ( step P9 ) to perform interchange 
of ATM cells (step P10) . In the steps P3 to P8, if there is 
no reception of a signal for state transition, the NO route 
takes place so that the flow returns to the step P2 processing. 

As described above, this ATM- PON system 90 supports only 
a function to assemble only the AAL5 message having path 
information previously set for both transmission and 
reception. Accordingly, when an AAL5 message is received 
through a path other than the set path, there is no choice 
other than to abandon it. This creates a problem in that 
difficulty is encountered in achieving large volume 
transmission/reception. In addition, in assembling an AAL 
5 message from the path 2 , there is a need to switch the path 
setting, and if a plurality of paths exist, there is a need 
to alter the setting on each of the paths so that transfer 
processing takes much time. 

The present invention has been developed with a view 
to eliminating such problems, and it is therefore an object 
of the invention to provide a message writing apparatus, 
message writing method, message readout apparatus, message 
readout method, memory address control circuit for writing 
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of a variable -length message and memory address control 
circuit for readout of a variable -length message, operable 
of, in the case of multi-connections # processing AAL5 messages 
from a plurality of paths by, when received ATM cells are 
5 read/written from/ in a receiving buffer, reading/writing in 
a memory area corresponding to each path and further of 
shortening a data transfer time by improving the transfer 
processing capability. 

10 Disclosure of Invention 

For this purpose, a message writing apparatus according 
to the present invention is characterized by comprising 
receiving means for receiving cells having path information, 
the cells being obtained by division of a variable-length 

15 message, message area allocating means for extracting the 
path information from the received cells received by the 
receiving means to allocate a memory area corresponding to 
the path information, the memory area being larger than a 
size of the variable-length message, writing rank adding means 

20 for adding writing ranks to the received cells when the received 
cells are written in the memory area allocated by the message 
area allocating means, and storing means for writing the 
received cells in the memory area according to the writing 
ranks added by the writing rank adding means. 

25 Thus, upon the reception of one cell, with regard to 

that cell, a cell number, a message number, the number of 
cells received, and others are managed in accordance with 
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the plurality of management information, which provides an 
advantage in that a memory area can be put efficiently to 
use. Moreover, since this enables transferring a 
variable -length message coming from a plurality of paths, 
5 an advantage is that the transfer processing capability 
improves in total to realize a shortening in data transfer 
time. Still moreover, since the cell write in a receiving 
buffer memory can be done dynamically, this exhibits an 
advantage in that an effective utilization of a memory area 

10 becomes feasible so that a device needed for multi-connections 
reducible in scale to lead to cost reduction. Yet moreover, 
this has an advantage in that the multi-connections become 
possible and data from the ordinary users can be 
time-division-multiplexed to permit transfer of a large 

15 volume of data. 

In addition, a message writing method according to the 
present invention is characterized by comprising a receiving 
step of receiving cells having path information, the cells 
being obtained by division of a variable-length message, a 

20 message area allocating step of extracting the path 

information from the received cells received in the receiving 
step to allocate a memory area corresponding to the path 
information, larger than a size of the variable- length message, 
a writing ranks step of adding writing ranks to the received 

25 cells when the received cells are written in the memory area 
allocated in the message area allocating step, and a storing 
step of writing the received cells in the memory area according 
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to the writing ranks added in the writing rank step. 

In this way, upon the reception of one cell, with regard 
to that cell, a cell number, a message number, the number 
of cells received, and others are managed in accordance with 
5 the plurality of management information, which provides an 
advantage in that a memory area can be put efficiently to 
use. 

Still additionally, a message readout apparatus 
according to the present invention, which reads out each of 

10 a plurality of cells constituting a message and written in 
a memory area, characterized by comprising first means for 
reading out the message in accordance with writing ranks added 
in the order of receive processing of the cells, second means 
for reading out the message on the basis of the added writing 

15 ranks in a manner that flag information, indicative of whether 
or not the cells are read out, is written in the memory area, 
third means for reading out the message on the basis of the 
writing ranks based on an indication of a message 
storing/holding section which manages a message number of 

20 the received cells written in the memory area and writing 
position information thereon, and control means operable of 
selecting any one of the first means, the second means and 
the third means by setting of the memory area. 

Thus, it is possible to handle a plurality of cells and 

25 to transfer a variable -length message coming from a plurality 
of paths, which provides an advantage in that the transfer 
processing capability improves in total and a shortening in 
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data transfer time is realizable. 

Yet additionally, a message readout method according 
to the present invention, which reads out each of a plurality 
of cells constituting a message and written in a memory area, 
characterized by comprising a first step of reading out the 
message in accordance with writing ranks added in the order 
of receive processing of the cells, a second step of reading 
out the message on the basis of the added writing ranks in 
a manner that flag information, indicative of whether or not 
the cells are read out, is written in the memory area, and 
a third step of reading out the message in accordance with 
the writing ranks provided by an indication of a message 
storing/holding section which manages a message number of 
the received cells written in the memory area and writing 
position information, with any one of the first means, the 
secondmeans and the thirdmeans being selectively implemented 
according to setting of the memory area. 

Thus, it is possible to handle cells coming from a 
plurality of different paths and to dynamically conduct the 
cell write in a receiving buffer memory, and this exhibits 
an advantage in that an effective utilization of a memory 
area becomes feasible so that a device needed for 
multi-connections reducible in scale to lead to cost 
reduction. 

Furthermore, a memory address control circuit for 
writing of a variable -length message according to the present 
invention is characterized by comprising a path recognizing 



15 



section for receiving, the cells being obtained by division 
of the variable -length message and transmitted to extract 
path information from the received cells, a receive control 
section operable of adding writing ranks on writing in a memory 
5 in correspondence with the path information outputted from 
the path recognizing section and of outputting a size of a 
writing area, a writing position of the variable -length 
message and the number of cells received, as management 
information, a received message assembling section having 

10 an address table, in which the size of the writing area, the 
writing position of the variable -length message and the number 
of received cells, corresponding to the path information, 
are related to each other on the basis of the management 
information from the receive control section for assembling 

15 the received cells with respect to one variable-length message 
and outputting second write information, and a memory control 
section operable of controlling writing in the memory on the 
basis of the second write information from the receivedmessage 
assembling section and the management information from the 

20 receive control section. 

Thus , this has an advantage in that the mult i- connections 
become possible and data from each ordinary user can be 
time-division-multiplexed to permit transfer of a large 
volume of data. 

25 Still furthermore, a memory address control circuit for 

readout of a variable- length message according to the present 
invention is characterized by comprising a path recognizing 
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section for receiving cells, the cells being obtained by 
division of the variable- length message and transmitted to 
extract path information from the received cells, a receive 
control section operable of adding writing ranks on readout 
in a memory in correspondence with the path information 
outputted from the path recognizing section and of outputting 
a size of a readout area, a readout position of the 
variable- length message and the number of received cells as 
management information , a received message assembling section 
having an address table, in which the size of the readout 
area, the readout position of the variable -length message 
and the number of received cells being corresponding to the 
path information, are related to each other on the basis of 
the management information from the receive control section 
and operable of assembling the received cells with respect 
to one variable -length message and outputting second readout 
information, and a memory control section operable of 
controlling the readout to the memory on the basis of the 
second readout information from the received message 
assembling section and the management information from the 
receive control section. 

Thus, this exhibits an advantage in that the management 
of cell numbers , message numbers , the numbers of cells received 
and others becomes feasible through the use of a plurality 
of management information, which leads to efficient use of 
a memory area. 
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Brief Description of Drawings 

FIG. 1 is an illustrative view showing a configuration 
of an ATM-PON system to which the present invention is 
applicable . 

5 FIG. 2 is an illustrative view showing an ATM cell time 

division multiplex system in an ODN according to an embodiment 
of the present invention. 

FIG. 3 is a block diagram showing an OAM-IF section 
according to the embodiment of the present invention. 
10 FIG. 4 is an illustrative view showing one example of 

mapping of memory areas in an external memory according to 
an embodiment of the present invention. 

FIG. 5 is an illustrative view for explaining a method 
of allocating a receiving buffer area at every fixed length, 
15 according to the embodiment of the present invention. 

FIG. 6 is an illustrative view for explaining a method 
of allocating a receiving buffer area variably, according 
to the embodiment of the present invention. 

FIG. 7 is an illustrative view for explaining a method 
20 of writing an AAL5 message, according to an embodiment of 
the present invention. 

FIG. 8 is an illustrative view for explaining a second 
method of writing an AAL5 message, according to an embodiment 
of the present invention. 
25 FIG. 9(a) is an illustrative view showing a memory area 

in a received cell written state. 

FIG. 9(b) is an illustrative view showing a memory area 



18 



in a state after first cells are read out by a CPU . 

FIG. 9(c) is an illustrative view showing the memory 
area in a state after second cells are read out by the CPU. 

FIG. 9(d) is an illustrative view showing the memory 
area in a state after third cells are read out by the CPU. 

FIG. 10(a) is an illustrative view showing a memory area 
in a received cell written state. 

FIG. 10(b) is an illustrative view showing the memory 
area in a state after second cells are read out by a CPU. 

FIG. 10(c) is an illustrative view showing the memory 
area in a state after a fourth cell is read out by the CPU. 

FIG. 10(d) is an illustrative view showing a memory area 
after readout processing. 

FIG. 11(a) is an illustrative view showing a memory area 
arrangement at reception of a first cell of a first message 
passing through a path 1. 

FIG. 11(b) is an illustrative view showing a memory 
area arrangement at reception of a second cell of the first 
message passing through the path 1 . 

FIG. 11(c) is an illustrative view showing a memory area 
arrangement at reception of the last cell of the first message 
passing through the path 1. 

FIG. 11(d) is an illustrative view showing a memory area 
arrangement at reception of a first cell of a second message 
from the path 1. 

FIG. 11(e) is an illustrative view showing a memory area 
arrangement at reception of a second cell of the second message 
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from the path 1. 

FIG. 11(f) is an illustrative view showing a memory area 
arrangement at reception of a third cell of the second message 
from the path 1. 
5 FIG. 12(a) is an illustrative view showing a memory area 

arrangement at reception of a fourth cell of the second message 
from the path 1 . 

FIG. 12(b) is an illustrative view showing a memory area 
arrangement at reception of a fifth cell of the second message 
10 from the path 1. 

FIG. 12(c) is an illustrative view showing a memory area 
arrangement at reception of the last cell of the second message 
from the path 1. 

FIG. 12(d) is an illustrative view showing a memory area 
15 arrangement at reception of a first cell of a third message 
from the path 1. 

FIG. 12(e) is an illustrative view showing a memory area 
arrangement at reception of a second cell of the third message 
from the path 1. 
20 FIG. 12(f) is an illustrative view showing a memory area 

arrangement at reception of the last cell of the third message 
from the path 1 . 

FIG. 13(a) is an illustrative view showing a memory area 
arrangement at reception of the last cell of a fourth message 
25 from the path 1. 

FIG. 13(b) is an illustrative view showing a memory area 
arrangement when readout of the first message is notified 
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to a CPU. 

FIG, 13(c) is an illustrative view showing a memory area 
arrangement at reception of a first cell of a fifth message 
from the path 1 . 

FIG. 13(d) is an illustrative view showing a memory area 
arrangement at reception of a second cell of the fifth message 
from the path 1. 

FIG. 13(e) is an illustrative view showing a memory area 
arrangement after a CPU reads out the second message. 

FIG. 13(f) is an illustrative view showing a memory area 
arrangement at reception of the last cell of the fifth message 
from the path 1. 

FIG. 14(a) is an illustrative view showing a memory area 
arrangement at reception of a first cell of a sixth message 
from the path 1. 

FIG. 14(b) is an illustrative view showing a memory area 
arrangement at reception of a second cell of the sixth message 
from the path 1. 

FIG. 14(c) is an illustrative view showing a memory area 
arrangement at reception of a third cell of the sixth message 
from the path 1. 

FIG. 14(d) is an illustrative view showing a memory area 
arrangement after a CPU reads out the third message. 

FIG. 14(e) is an illustrative view showing a memory area 
arrangement at reception of a fourth cell of the sixth message 
from the path 1. 

FIG. 14(f) is an illustrative view showing a memory area 
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arrangement at reception of the last cell of the sixth message 
from the path 1 . 

FIG. 15(a) is an illustrative view showing an area 
arrangement immediately after writing of cells of the first 
message, whose cell number is 2. 

FIG. 15(b) is an illustrative view showing an area 
arrangement at writing of the first message. 

FIG. 15(c) is an illustrative view showing an area 
arrangement at writing of the second message. 

FIG. 15(d) is an illustrative view showing an area 
arrangement at writing of the third message. 

FIG. 15(e) is an illustrative view showing an area 
arrangement at writing of the fourth message. 

FIG. 15(f) is an illustrative view showing an area 
arrangement at writing of the fifth message. 

FIG. 16(a) is an illustrative view showing an area 
arrangement before readout. 

FIG. 16(b) is an illustrative view showing an area 
arrangement after readout of the second message. 

FIG. 16(c) is an illustrative view showing an area 
arrangement at readout of the fourth message. 

FIG. 16(d) is an illustrative view showing an area 
arrangement when the messages up to a ninth are written and 
the fifth message is being read out. 

FIG. 16(e) is an illustrative view showing an area 
arrangement when a tenth message is written but a received 
cell is written in the remaining free area. 
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FIG. 16(f) is an illustrative view showing an area 
arrangement at reception of an eleventh message. 

FIG. 17 is a flowchart showing a receive processing 
operation according to an embodiment of the present invention . 
5 FIG. 18 is a flowchart showing receive processing using 

a stored flag, according to an embodiment of the present 
invention . 

FIG. 19 is a flowchart showing receive processing using 
a stored flag, according to an embodiment of the present 
10 invention. 

FIG. 20 is a flowchart showing receive processing using 
a stored flag, according to an embodiment of the present 
invention . 

FIG. 21 is an illustrative view showing a configuration 
15 of an ATM- PON system. 

FIG. 22(a) is an illustration of a 150-Mbps down stream 
frame configuration. 

FIG. 22 (b) is an illustration of a 150-Mbps up stream 
frame configuration. 
20 FIG. 23 is a block diagram showing a conventional OAM-IF 

section. 

FIG. 24 is a flowchart showing conventional received 
cell assembling processing. 

FIG. 25 is an illustrative view showing a flow from ATM 
25 cell reception to AAL5 message assembling. 

FIG. 26 is an illustrative view showing a flow to be 
taken for when, upon reception of an ATM cell, the received 
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cell is abandoned. 

FIG. 27 is an illustrative view showing a start-up 
sequence of an ONU. 

Best Mode for Carrying Out the Invention 

(A) Description of Embodiment of the Present Invention 

FIG. 1 is an illustrative view showing a configuration 
of an ATM-PON system to which the present invention is 
applicable. An ATM- PON system 8, shown in this FIG. 1, is 
a system operable of providing, for example, a telephone 
service or video service, and is made up of a user terminal 
group 9 , an ONU group 10, an ODN 11, an ATM-optical subscriber 
line terminating unit 12, an SDH trunk- system multiplexer 
16, a router 13, a DCN 14 and an OPS 15. 

The user terminal group 9 includes a plurality of user 
terminals , and forms terminal equipment placed in homes . The 
ONU group 10 comprises, for example, 64 ONUs #1 to #64. and 
each of the ONUs is connected to a plurality of user terminals 
of the user terminal group 9 so that an ATM network accommodates 
the ordinary users. The ODN 11 is for 

time -division -multiplexing ATM-PON cells in a direction from 
the ONU group 10 to the ATM-optical subscriber line terminating 
unit 12 , and further for branching ATM-PON cells in a direction 
from the ATM-optical subscriber line terminating unit 12 to 
the ONU group 10. The ATM-PON cell is a cell in which 
identification information for PON is added to an ATM cell, 
and in the following description, it will be referred to as 
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an ATM cell, unless otherwise specified particularly. 

In addition, the ATM-optical subscriber line terminating 
unit 12 serves as an interface between optical service 
subscribers on the ONU group 10 side and an ATM network on 
5 the SDH trunk- system multiplexer 16 side, and for controlling 
transmission . 

With this configuration, for example, 64 ONUs #1 to #64 
receive data inputted through manipulation by the ordinary 
user in each home, and send out ATM- PON cells. Moreover, the 
10 ODN 11 time-division-multiplexes the ATM-PON cells sent out 
from each ONU, with the plurality of cells 

time-division-multiplexed being inputted to the ATM- optical 
subscriber line terminating unit 12. 

FIG. 2 is an illustrative view showing an ATM cell time- 

15 division-multiplex system in the ODN 11 according to an 

embodiment of the present invention. In FIG. 2, an ATM cell 
having information on a path 1 is sent out from one ONU #1 
of the ONU group 10 to the ODN 11, and an ATM cell having 
information on a path n is sent out from the ONU #n thereto. 

20 These ATM cells are time-division-multiplexed in the ODN 11 
and then inputted to the ATM-optical subscriber line 
terminating unit 12. Incidentally, for example, the value 
of n is 64. 

The SDH trunk- system multiplexer 16 is for transmitting 
25 main signal data through the use of ATM cells, the router 
13 corresponds to a station to be used in transmission of 
the main signal data, the DCN 14 is a digital network, and 
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the OPS 15 is for remotely implementing centralized control 
of the ONU group 10 or the ATM- optical subscriber line 
terminating unit 12. 

In FIG. 1, coarse dotted lines depict control paths 
( control connections ) between the ATM-optical subscriber line 
terminating unit 12 and the ONU group 10, while a fine dotted 
line depicts a main signal data path (main signal connection) 
between the ATM-optical subscriber line terminating unit 12 
and the ONU group 10. 

In addition, this path (path information) signifies a 
path identified by the VPi and VCi in an ATM cell header, 
and the following embodiment will use it in a similar sense. 

These establish multi-connection. For example, main 
signal data from the OUN group 10 existing in a city A pass 
through the main signal data path and are 
time -division -multiplexed in the ODN 11, and then are 
transmitted through the ATM-optical subscriber line 
terminating unit 12 to the SDH trunk-system multiplexer 16 
existing in a city B. In addition, control signals from the 
ONU group 10 pass through the control paths and are 
time-division-multiplexed in the ODN 11 and then inputted 
to the ATM-optical subscriber line terminating unit 12. 

In FIG. 1, the ATM-optical subscriber line terminating 
unit 12 is composed of a PON- IF section 12b for performing 
a format conversion between an ATM cell and an ATM-PON cell, 
an ATM-SW 12c for switching main signal data outputted from 
the PON-IF section 12b, an ATM- IF section 12d for, when main 
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signal data outputted from the ATM-SW 12c is transmitted to 
the SDH trunk- system multiplexer 16, providing an interface 
between the SDH trunk- system multiplexer 16 and the 
ATM-optical subscriber line terminating unit 12, a SEMF-IF 
section 12a for extracting a control command from a signal 
transmitted from the OPS 15, and an OAM-IF section 20 for 
receiving and assembling a plurality of ATM cells having 
different path information, outputted from the ATM-SW 12c, 
to convert them into an AAL5 message. The OAM-IF section 20 
includes an ATM cell assembling section 21 and an external 
memory (received buffer) 22. 

With this configuration, ATM-PON cells passing through 
a plurality of paths from, for example, 64 ONUs #1 to #64 
are time-division-multiplexed in the ODN 11, and after the 
conversion from an ATM- PON cell format to an ATM cell format 
is made in the PON- IF section 12b, are switched in the ATM-SW 
12c to be inputted to the OAM-IF section 20. In this case, 
in the OAM-IF section 20, a plurality of ATM cells coming 
from a plurality of different paths are received and assembled 
to be once written as a plurality of AAL5 messages in the 
external memory 22 . Moreover, the plurality of AAL5 messages 
are sent out from the SDH trunk-system multiplexer 16 through 
the ATM- IF section 12d, while ATM cells transmitted from the 
SDH trunk- system multiplexer 16 undergo a cell format 
conversion in the ATM- IF section 12d and are outputted from 
the PON- IF section 12b after switched by the ATM-SW 12c. 

FIG. 3 is a block diagram showing the OAM-IF section 
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20 according to an embodiment of the present invention. The 
OAM-IF section 20 shown in FIG. 3 includes the ATM cell 
assembling section 21 and the external memory 22 . The external 
memory 22 is for storing data, and each of areas of this external 
memory 22 functions as a memory area in which written 
temporarily are information such as received cells , a message 
made by assembling these cells, a size of the data written 
memory area, a writing position of the message made by the 
assembling and the number of received cells. A detail of the 
write and readout will be described later. 

The ATM cell assembling section 21 is for receiving and 
assembling a plurality of ATM cells coming from a plurality 
of different paths and for outputting them, and is composed 
of a path recognizing section 21a, a received message 
assembling section 21b, a receive control section (receive 
descriptor section) 21c, an arbitrating section 21d and an 
external memory control section 21e . It functions as amessage 
writing apparatus or a message readout apparatus . 

The path recognizing section 21a is for receiving cells 
transmitted in the form of divisions of an AAL5 message to 
extract path information from the received cells . Moreover, 
it abandons the received cells other than the path information 
about the reception/assembling processing. 

The receive control section 21c is designed to add a 
writing rank on writing in the external memory 22 in 
correspondence to path information outputted from the path 
recognizing section 21a, and to output, as management 
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information, a size of a writing area, a writing position 
of an AAL5 message and the number of received cells . Moreover , 
this receive control section 21c is made to add a readout 
rank on readout from the external memory 22 in correspondence 
to the path information from the path recognizing section 
21a and to output, as management information, a size of a 
readout area, a readout position of an AAL5 message and the 
number of received cells. 

The received message assembling section 21b has an 
address table 23 in which a size of a writing area, a writing 
position of an AAL5 message and the number of cells, 
corresponding to path information, are related to each other 
on the basis of management information from the receive control 
section 21c, and is operable of assembling received cells 
with respect to one AAL5 message and outputting second write 
information. In addition, the received message assembling 
section 21b has an address table 23 in which a size of a readout 
area, a readout position of an AAL5 message and the number 
of cells, corresponding to path information, are related to 
each other on the basis of the management information from 
the receive control section 21c, and is operable of assembling 
received cells with respect to one AAL5 message to output 
second readout information. 

The external memory control section 21e is operable of 
controlling the write in the external memory 22 on the basis 
of the second write information from the received message 
assembling section 21b and the management information from 
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the receive control section 21c. On the other hand, for the 
readout, the external memory control section 21e is operable 
of controlling the readout to the external memory 22 on the 
basis of the second readout information from the received 
message assembling section 21b and the management information 
from the receive control section 21c. 

In addition, in FIG. 1 , in a case in which a timing at 
which the OAM-IF section 20 receives a command from the SEMF-IF 
section 12a and a timing at which message assembling processing 
is conducted in the external memory 22 differ time-wise from 
each other, the arbitrating section 2 Id mediates this 
time-wise difference. That is, this arbitrating section 21d 
is for correcting the phase shift occurring at multiplexing, 
and is controlled by a signal inputted from a CPU control 
section (not shown) . Concretely, it has a counter indicating 
a phase shift, and for example, if the counter value is 1000, 
it is recognized that the phase shift is in an allowable range, 
and if the counter value exceeds 1000, the shift is corrected 
to remove fluctuation. 

Thus, the path recognizing section 21a, the received 
message assembling section 21b, the receive control section 
21c and the external memory control section 21e cooperate 
with each other to function as a memory address control circuit 
for readout of an AAL5 message and to function as a memory 
address control circuit for readout of an AAL5 message. 

FIG. 4 is an illustrative view showing an example of 
mapping of memory areas in the external memory 22. In FIG. 
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4, the external memory 22 has an address table (address table 
area) 23, a message BOX (message BOX area) 24 and a receiving 
buffer area. Incidentally, although this external memory 22 
has areas for operations of a CPU or the like in addition 
5 to the aforesaid areas, the description of these areas will 
be omitted. 

This message BOX 24 is an area for conducting assembling 
of the received cells with respect to each path to assemble 
a message. The address table 23 is an area in which cells 

10 and management information on a message are written. 

Concretely, with respect to the cells written in the message 
BOX 24, there are written information such as cell numbers, 
the number of received cells, message numbers on the cells, 
sizes of memory areas for writing cells and addresses of the 

15 assembled messages. 

Thus, the received cells are written in the message BOX 
24 in accordance with the management information set in the 
address table 23 to assemble one message. 

Furthermore, as FIG. 4 shows, the address table 23 

20 comprises a lookup area (area indicated by L) , an assembling 
work area 1 (area indicated by Ki) and an assembling work area 
2 (area indicated by K 2 ) . 

The lookup area L is composed of a lookup area-path 1 
(area indicated by L x ) , a lookup area-path 2 (area indicated 

25 by L 2 ), a lookup area-path n (area indicated by L n ) , and 
each of these lookup areas Li, L 2 , L n is allocated according 
to path. 
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In addition, in detail, the lookup area Li is partitioned 
into a received message assembling start address, a received 
message assembling work area size , and an area in which written 
are flags: a PATHEN, a CRC-INH, a LENGTH- INH and an AALTYP . 
The PATHEN is an area for setting whether or not received 
cells are assembled with respect to that path, the CRC-INH 
is an area for setting whether or not to inhibit a CRC check, 
the LENGTH- INH is an area for setting a message length, and 
the AALTYP is an area for indicating the type of an adaptation 
layer . The lookup area L 2 , - , the lookup area L n have a similar 
area configuration. 

The assembling work area K x is composed of an assembling 
work area 1-path 1 (area indicated by Ki-i) , an assembling 
work area 1-path 2 (area indicated by Ki. 2 ) , — , an assembling 
work area 1-path n (area indicated by Ki_ n ) , with each being 
allocated with respect to each path. Moreover, in detail, 
the assembling work area 1-path 1 is partitioned into a received 
message assembling work area size, a received message 
assembling start address, a CRC partial operation result 
written area and an area in which written are flags : a PATHEN, 
a CRC -INH, a LENGTH- INH, an AALTYP, a FIFOPTYERR and a CELLCONT . 
Of these, the PATHEN, CRC-INH, LENGTH -INH and AALTYP are the 
same as those mentioned above , and further description thereof 
will be omitted. The FIFOPTYERR is an area for indicating 
information on whether or not an error exists in a parity 
check result, and the CELLCONT is an area for implementing 
control on the number of cells . The assembling work area Ki_ 2 , 
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— , the assembling work area Ki_ n have a similar configuration. 

Moreover, the assembling work area K 2 is composed of an 
assembling work area 2 -path 1 (area indicated by K 2 -i), an 
assembling work area 2 -path 2 (area indicated by K 2 . 2 ), 
5 an assembling work area 2-path n (area indicated by K 2 . n ), 
with each being allocated with respect to each path. Still 
moreover, in detail, the assembling work area K 2 -i is 
partitioned into a residual quantity to be updated according 
to message, a current address to be updated according to message , 

10 a residual quantity to be updated according to cell and a 
current address to be updated according to cell. The 
assembling work area K 2 - 2 , — , the assembling work area K 2 - n 
have a similar configuration, and functions as a residual 
quantity examining means (which will be mentioned later). 

15 Furthermore, the message BOX 24 is composed of a message 

1 storage area (area indicated by Si), a message 2 storage 
area (area indicated by S 2 ) , — , a message n storage area (area 
indicated by S n ) . In detail, the message 1 storage area is 
partitioned into a receive trailer value, a received message 

20 head address value, detailed error information, a path number 
and the number of received cells . The message 2 storage area, 
— , the message n storage area have a similar configuration. 

Referring to FIGs . 5 and 6, a description will be added 
hereinbelow of a method of allocating a receiving buffer area 

25 variably. 

FIG. 5 is an illustrative view for explaining a method 
of allocating a receiving buffer area at every fixed length. 
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A message write unit 30 shown in FIG. 5 is operable of conducting 
writing in a memory area according to different path, and 
is composed of a received message assembling section 21b , 
an external memory control section 21e , a CPU 25 and an external 
5 memory 22. 

The received message assembling section 21b is for 
receiving cells having path information, the cells being 
obtained by division of an AAL5 message, and in addition to 
the above-mentioned functions, also functions as a receiving 

10 means. Moreover, this received message assembling section 
21b is equipped with an address table 23 . In the address table 
23, there are written a path name and management information 
such as an address of a writing area in the external memory 
22, corresponding to that path, a size of the writing area 

15 and the number of cells, which are related to each other. 
In the message BOX 24, there is written information on the 
above-mentioned respective messages. 

The external memory control section 2 le is for extracting 
path information cells received by the received message 

20 assembling section 21b to allocate a memory area corresponding 
to the path information, the memory area 22 being larger than 
an AAL5 message, and functions as a message area allocating 
means. Moreover, this external memory control section 21e 
includes an address table setting means (not shown) and a 

25 message storage area setting means (not shown) which are for 
partitioning the external memory 22 shown in FIG. 4 into the 
address table 23 and the message BOX 24. 
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This address table setting means establishes, in the 
external memory 22, an address table 23 in which a size of 
a writing area, a writing position of an AAL5 message and 
the number of received cells, corresponding to path 
5 information, are related to each other on the basis of cell 
numbers and ames sage number about received cells . The message 
storage area setting means is for placing, in the external 
memory 22, a message BOX 24 which allows the received cells 
to be read out in units of message. Accordingly, the address 
10 table 23 functions as a writing rank adding means to add writing 
ranks to received cells when the received cells are written 
in the memory area allocated by the external memory control 
section 21e. 

Concretely, this writing rank signifies a priority at 
15 write, and the address table 23 gives a writing rank to a 
received cell in the order of reception processing thereof. 
That is, the rank is added in the order of the cell arrival. 
In this connection, there is another method of adding the 
writing rank, and this will be described later. 
20 Moreover, the CPU 25 is for writing the received cells 

in the memory area in accordance with the ranks added by the 
address table 23, and functions as a storing means. 

Thus, when the received message assembling section 21b 
receives two types of ATM cells, i.e. , path 1 and path 2 shown 
25 in FIG. 5, the received message assembling section 21b 

allocates an area in the external memory 22 by each path 
according to path 1 or path 2 through the use of information 
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written in the address table 23 . For example, in the address 
table 23. with respect to the path 1. written are an address 
Of a writing area, a size (16 Kbyte) of the writing area and 
number of cells (10 cells,, and with respect to the path 2 
written are an address of a writing area, a size ,16 Kbyte, 
of the writing area and number of cells ( 4 cells , . and further 
with respect to the path 3 . written are an address of a writing 
area, a size (16 Kbyte, of the writing area and number of 
cells (Ocell, . incidentally, inthiscase. an area is ensured 
for the path 3 which has not come yet. 

FIG. 6 is an illustrative view for explaining a method 
of allocating a receiving buffer area variably, m FIG 6 
when receiving two types of ATM cells, i.e. . path 1 and path 
2. a received message assembling section 21b variably 
allocates a writing area in the external memory 22 according 
to path 1 or path 2. For example, in the address table 23 
with respect to the path 1 . written are an address of a writing 
area, a size (48 Kbyte, of the writing area and number of 
ceils ,10 cells,, and with respect to the path 2. written 
are an address of a writing area, a size (16 Kbyte, of the 
writing area and number of cells ,4 cells, . and further, with 
respect to the path 3. written are an address of a writing 
area, a size ,0 Kbyte, of the writing area and number of cells 
(0 cell,. Aiso in this oase a message ^ an(j ^ ^ 

for the path 3 which has not come yet are ensured. 

As mentioned above, since a size of a memory area can 
variably be allocated according to message, it is possible 
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to use the memory area effectively. 

Furthermore, referring to FIGs. 7 and 8, a description 
will be added of a writing method using the aforesaid address 
table 23 , message BOX 24 and CPU. 

FIG. 7 is an illustrative view for explaining a method 
of writing an AAL5 message according to an embodiment of the 
present invention. In FIG. 7, a CPU 25 is connected to a 
received message assembling section 21b and an external memory 
22. The external memory 22 stores a plurality of messages 
in its receiving buffer area, while the received message 
assembling section 21b has an address table 23. 

When a received message readout request such as a hardware 
interruption is issued from the external memory 22, the CPU 
25 reads out, from the address table 23, a head address of 
a memory area in which a message to be read out is written. 
Subsequently, payload data is read out from the receiving 
buffer area (see FIG. 4) . In addition, with respect to that 
message, the CPU 25 sets a readout processing bit indicative 
of the completion of readout to a processed condition. This 
readout processing bit will be mentioned later. 

FIG. 8 is an illustrative view for explaining a second 
method of writing an AAL5 message, according to an embodiment 
of the present invention. Unlike FIG. 7, an address table 
23 shown in FIG. 8 is not placed in the received message 
assembling section 21b but is put in the external memory 22. 

The CPU 2 5 is connected to the receivedmessage assembling 
section 21b and the external memory 22. The external memory 
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22 has the address table 23, a message BOX 24 and a receiving 
buffer area, and stores a plurality of messages. 

Thus, when a received message readout request such as 
a hardware interruption is issued from the external memory 
5 22, the CPU 25 reads out, from the address table 23, a head 
address of a memory area in which a message to be read out 
is written, and payload data is read out from the receiving 
buffer area. In addition, with respect to that message, the 
CPU 25 sets a readout processing bit indicative of the 
10 completion of readout to a processed condition. 

As mentioned above, the received message assembling 
section 21b can recognize, as a free area, an area corresponding 
to the message read out, and can place the received cells 
successively in that free area. That is, this enables 
15 effective use of the limited memory area. 

Referring to FIGs. 9(a) to 9(d), a description will be 
added of a readout method using writing ranks . In this case, 
writing ranks are added in the order of arrival. 

FIG. 9(a) is an illustrative view showing a memory area 
20 in a received cell written state. The area of the external 
memory 22 shown in FIG. 9(a) is equivalent to the receiving 
buffer area (see FIG. 4) , and for example, is partitioned 
into addresses AA, BB and CC. FIGs. 9(a) to 9(d) similarly 
show a receiving buffer area. 
25 The area from the address AA to the address BB is allocated 

as a path area 1, and the area from the address BB to the 
address CC is allocated as a path area 2. In addition, in 
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the path area 1, there are written three types of cells, i.e. , 
a message (1-1), a message (1-2) and a message (1-3), and 
there is placed a free area. In like manner, in the path area 
1, there are written cells on a message (2-1) and there is 
5 placed a free area. 

FIG. 9(b) is an illustrative view showing a memory area 
in a state after the CPU 25 reads out first cells . The message 
(1-1) shown in FIG* 9(a) is read out, and the area in which 
that message (1-1) was written becomes a free area as shown 

10 in FIG. 9(b) . 

FIG. 9(c) is an illustrative view showing a memory area 
in a state after the CPU 25 reads out second cells . As a result 
of the readout of the message (1-2), the area in which that 
message (1-2) existed becomes a free area. 

15 FIG. 9(d) is an illustrative view showing a memory area 

in a state after the CPU 25 reads out third cells . As a result 
of the readout of the message (1-3), the area in which that 
message (1-3) existed becomes a free area, and the area from 
the address AA to the address BB becomes a free area. 

20 Referring to FIGs. 10(a) to 10(d), a description will 

be added of a readout method in a case in which writing ranks 
are added with a stored flag. 

FIG. 10(a) is an illustrative view showing a memory area 
in a received cell written state. A difference between FIG. 

25 10(a) and FIGs. 9(a) to 9(d) is that a stored flag ( flag area) 
indicated by (K) is added to received cells in the receiving 
buffer area. The CPU 25 makes a decision, on the basis of 
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the value of this stored flag, whether it is a cell already 
read out or whether it is a cell which is not read out yet . 
In the path area 1, there are written five types of messages: 
a message (1-1) to a message (1-5), and there is placed a 
free area. Moreover, in the path area 2, there is a message 
(2-1) and there is situated a free area. 

FIG. 10(b) is an illustrative view showing a memory area 
in a state after the CPU 25 reads out second cells. The CPU 
25 sees the stored flag on the message (1-2) shown in FIG. 
10(a), makes a decision to non-readout, and conducts the 
readout thereof . so the area in which that message (1-2) existed 
becomes a free area. 

FIG. 10(c) is an illustrative view showing a memory area 
in a state after the CPU 25 reads out a fourth cell. The CPU 
25 sees the stored flag on the message (1-4) shown in FIG. 
10(a), makes a decision to non-readout, and conducts the 
readout thereof , so the area in which that message (1-4) existed 
becomes a free area. 

FIG. 10(d) is an illustrative view showing a memory area 
after the readout processing. The areas undergoing the 
readout processing become a free area. 

As mentioned above, since the CPU 25 can examine the 
stored flag to make a decision on whether or not it is read 
out , the cells coming from a plurality of paths can be processed 
individually. A more detailed description about methods for 
the write and readout of this stored flag will be added later 
with reference to FIGs . 15(a) to 15(f) and FIGs. 16(a) to 
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16(f). 

Secondly, referring to FIGs . 11(a) to 11(f), FIGs. 12(a) 
to 12(f) , FIGs. 13(a) to 13(f) , FIGs. 14(a) to 14(f) and FIGs. 
15(a) to 15(f), a description will be added of methods for 
5 writing in a memory area, readout from the memory area and 
check of a residual quantity. 

FIG. 11(a) is an illustrative view showing an allocation 
of a memory area arrangement at reception of a first cell 
of a first message on path 1 . In this case, these memory areas 

10 correspond to the receiving buffer area shown in FIG. 4 . Also 
in the figures up to FIGs. 15, they are the same. Moreover, 
in these memory areas , the receiving buffer area corresponding 
to one path has 480 bytes (10 cells), and ATM cells from a 
plurality of paths are allocated to another memory area (memory 

15 area from address 01E0 on) different from the path 1 to allow 
storage of a plurality of messages . 

With respect to FIG. 11(a), the following processing 
is conducted. First of all, a receiving buffer head address 
= (0000) Hex, a receiving buffer area size = (0000) Hex and 

20 a cell count value = (0)Dec are read from the assembling work 
area K x (see FIG. 4), and a decision is made on whether or 
not it is a leading cell. Here, Hex represents hexadecimal 
and Dec represents decimal. 

In this case, since it is the leading cell, the leading 

25 cell processing is conducted so that a lookup area (see FIG. 
4) is read, and a receiving buffer head address =* (0000) Hex 
and a receiving buffer area size = (01E0)Hex are read out. 
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In addition, the writing in the assembling work area 
Ki is made as the receiving buffer head address = (0000) Hex, 
the receiving buffer area size = (OlEO)Hex and the cell count 
value = ( 1 ) Dec . 

5 Following this, the assembling work area K 2 is read to 

check the residual quantity, thus providing a residual 
quantity (message unit) = (O)Dec, a buff er address (message 
unit) = (OOOO)Hex, a residual quantity (cell unit) - (O)Dec, 
a buffer address (cell unit) = ( 0000 )Hex and a residual quantity 

10 error flag = (0)Bin where Bin denotes binary. 

Moreover, the writing in the assembling work area K 2 is 
made for a check of the residual quantity, that is, a residual 
quantity (message unit ) = (480) Dec, a buff er address (message 
unit) - (0000) Hex, a residual quantity ( cell unit ) = (432) Dec, 

15 a buffer address (cell unit) = ( 0030) Hex and a residual quantity 
error flag = (0)Bin. 

This means that the address table 23 has a residual 
quantity examining means (assembling work areas K 2 -i, K 2 _ 2 , 
* K 2 . n ) to examine a size of a free area for writing of received 

20 cells by checking an indication of a head register and an 
indication of a message storing/holding section . In addition , 
the address table 23 has a residual quantity examining means 
(assembling work areas K 2 . x , K 2 . 2 , — , K 2 , n ) to examine a size 
of a free area for writing of received cells by seeing flag 

25 information. The head registers thereof will be described 
later as start registers 40a and 40b, while the message 
storing/holding section will be described later as message 
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BOX registers 41a, 41b and 41c. 

Furthermore, the message readout method is for reading 
out cells of a message comprising a plurality of cells and 
written in a memory area, and if a stored flag does not exist, 
a message is read out on the basis of writing ranks added 
in the order of the cell reception processing (first step) . 
On the other hand, when the stored flag is set, flag information 
representative of whether or not the cell readout processing 
has been conducted is written in a memory area so that the 
message is read out on the basis of the added writing ranks 
( second step) . 

In addition, a message is read out on the basis of the 
writing ranks added by an indication of the message 
storing/holding section which manages a message number of 
received cells written in the memory area and writing position 
information (third step). Still additionally, one of the 
first step, second step and third step is selectively 
implemented through the setting of the memory area. 

Moreover, FIG. 11(b) is an illustration of a memory area 
arrangement at reception of a second cell of a first message 
from a path 1. In like manner, the processing is conducted 
with respect to the path 1. First, a receiving buffer head 
address = (OOOO)Hex, a receiving buffer area size = (OlEO)Hex 
and a cell count value = (l)Dec are read from the assembling 
work area K x . Because of no leading cell, the leading cell 
processing is omitted. 

Subsequently, the writing in the assembling work area 
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Ki is conducted as a receiving buffer head address = (0000) Hex, 
a receiving buffer area size = (OlEO)Hex and a cell count 
value = (2)Dec. 

Following this, the reading from the assembling work 
area K 2 is conducted for a check of a residual quantity, that 
is, a residual quantity (message unit) = (480) Dec, a buffer 
address (message unit ) = (0000)Hex, a residual quantity (cell 
unit) = (432)Dec, a buffer address (cell unit) = (0030)Hex 
and a residual quantity error flag = (0)Bin. 

In addition, the writing in the assembling work area 
K 2 is made for a check of a residual quantity, that is, a residual 
quantity (message unit ) = (480)Dec, a buff er address (message 
unit) = (0000)Hex, a residual quantity (cell unit) = (384)Dec, 
a buffer address (cell unit) = (0060) Hex and a residual quantity 
error flag = (0)Bin. 

In this way, upon reception of one cell, with regard 
to that cell, a cell number, a message number, the number 
of received cells and others are managed through the use of 
the aforesaid a plurality of management information. 
Accordingly , when cells from a plurality of paths are received , 
each cell can be managed individually. 

Moreover, since this enables transfer of an AAL5 message 
from a plurality of paths , the transfer processing capability 
is improvable in total and a shortening of the data transfer 
time is realizable. Still moreover, since the cell writing 
in the receiving buffer memory is achievable dynamically, 
the effective use of the memory area is feasible and the PCB 
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parts mounting area is reducible, which leads to a further 
reduction of the cost of PCB. 

In addition, the expansion on the specification and 
capacity of the receiving buffer area is feasible, which 
permits constructing a communication unit system having a 
processing capability according to the traffic of a network 
and establishing multi-connections in units of path. 

FIG. 11(c) is an illustration of a memory area arrangement 
at reception of the last cell of the first message from the 
path 1. 

First, a receiving buffer head address = (OOOO)Hex, a 
receiving buffer area size = (OlEO)Hex and a cell count value 
= (2)Dec are read from the assembling work area K x . 

Subsequently, the writing i„ the assembling work area 
K X is conducted to update to a cell count value = (O)Dec in 
a state where a receiving buffer head address = (OOOO)Hex 
and a receiving buffer area size = (OlEO)Hex remain the same. 

Following this, the reading from the assembling work 
area K 2 is conducted for a check of a residual quantity, that 
is, a residual quantity (message unit) = (480)Dec. a buffer 
address (message unit ) = (OOOO)Hex. a residual quantity (cell 
unit) = (384)Dec. a buffer address (cell unit) = (0060)Hex 
and a residual quantity error flag = (O)Bin. 

In addition, the writing in the assembling work area 
K 2 is made for a check of a residual quantity, that is. aresidual 
quantity (message unit ) = (336)Dec, a buff er address (message 
unit) = (0090)Hex. a residual quantity (cell unit) = (336)Dec. 
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abuffer address (cell unit) = (00 90) Hex and a residual quantity 
error flag = (O)Bin. 

Still additionally, the write management information 
in the message BOX 24 is written. That is, written are a 
received data length = (144)Dec, a buffer head address = 
(OOOO)Hex and a cell count value = (3)Dec. 

Since the result of the processing after the arrival 
of the last cell is managed, it is possible to handle the 
cells coming from a plurality of paths. 

FIG. 11(d) is an illustration of a memory area arrangement 
at reception of a first cell of a second message from the 
path 1. First, a receiving buffer head address = (OOOO)Hex, 
a receiving buffer area size = (OlEO)Hex and a cell count 
value = (O)Dec are read from the assembling work area K x . 

Then, the leading cell processing is conducted. That 
is, the reading from a lookup area is made, thus setting the 
receiving buffer head address = (OOOO)Hex and the receiving 
buffer area size = (OlEO)Hex. 

Subsequently, the writing in the assembling work area 
K X is conducted to set the receiving buffer head address = 
(OOOO)Hex. the receiving buffer area size = (OlEO)Hex and 
the cell count value = (l)Dec. 

Following this, the reading from the assembling work 
area K 2 is conducted, thus providing a residual quantity 
(message unit) = (336)Dec, a buffer address (message unit) 
= (0090) Hex, a residual quantity (cell unit) = (33 6) Dec, a 
buffer address (cell unit) = ( 0090 )Hex and a residual quantity 
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error flag = (O)Bin. 

In addition, the writing in the assembling work area 
K 2 is made to provide a residual quantity (message unit) = 
(336)Dec, a buffer address (message unit) = (0090)Hex, a 
residual quantity (cell unit) = (288) Dec, a buffer address 
(cell unit) = (OOCO)Hex and a residual quantity error flag 
= (O)Bin. 

FIG. 11(e) is an illustration of a memory area arrangement 
at reception of a second cell of the second message from the 
path 1. FIG. 11(f) is an illustration of a memory area 
arrangement at reception of a third cell of the second message 
from the path 1. In like manner, the processing is conducted 
with respect to the path 1. 

That is, in FIG. 11(e) , a receiving buffer head address 
= (0000 )Hex, a receiving buffer area size = (OlEO)Hex and 
a cell count value = (l)Dec are read from the assembling work 
area K x . Subsequently, the writing in the assembling work 
area Ki is conducted, thus providing the receiving buffer head 
address = (OOOO)Hex, the receiving buffer area size = (OlEO)Hex 
and the cell count value = ( 2 ) Dec . Following this , the reading 
from the assembling work area K 2 is conducted as a residual 
quantity (message unit ) = (336) Dec, a buff er address (message 
unit) = (0090)Hex, a residual quantity (cell unit) = (288) Dec, 
a buffer address (cell unit) = (00C0) Hex and a residual quantity 
error flag = (O)Bin. In addition, the writing in the 
assembling work area K 2 is made so that a residual quantity 
(message unit) = (336)Dec, a buffer address (message unit) 
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= (0090) Hex, a residual quantity (cell unit) - (240) Dec, a 
buff er address (cell unit) = ( 00F0 ) Hex and a residual quantity 
error flag = (O)Bin. 

In like manner, in FIG. 11(f), the processing is conducted 
with respect to the path 1 . That is , a receiving buffer head 
address = (OOOO)Hex, a receiving buff er area size = (OlEO)Hex 
and a cell count value = (3)Dec are read from the assembling 
work area K x . Subsequently, the writing in the assembling 
work area K x is conducted, thus setting the receiving buffer 
head address = (0000) Hex, the receiving buffer area size = 
( 0 1E0 ) Hex and the cell count value = ( 3 ) Dec . Following this , 
the reading from the assembling work area K 2 is conducted as 
a residual quantity (message unit ) = (336)Dec, a buffer address 
(message unit) = (0090)Hex, a residual quantity (cell unit) 
= (240) Dec, a buffer address (cell unit) = (00F0)Hex and a 
residual quantity error flag = (0)Bin. In addition, the 
writing in the assembling work area K 2 is made so that a residual 
quantity (message unit ) = (336)Dec, a buff er address (message 
unit) = ( 0090) Hex, a residual quantity (cell unit) = (192) Dec, 
a buffer address (cell unit) = (01 20) Hex and a residual quantity 
error flag - (0)Bin. 

FIG. 12(a) is an illustration of a memory area arrangement 
at reception of a fourth cell of the second message from the 
path 1 , and processing is conducted in like manner. That is , 
a receiving buffer head address = (0000)Hex, a receiving buf f er 
area size = (01E0)Hex and a cell count value = (3)Dec are 
read from the assembling work area K x . Subsequently, the 
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writing in the assembling work area K x is conducted to provide 
the receiving buffer head address = (0000) Hex, the receiving 
buffer area size = (OlEO)Hex and the cell count value = (4)Dec. 
Following this, the reading on the assembling work area K 2 
is conducted as a residual quantity (message unit ) = (336) Dec, 
a buffer address (message unit) = (0090)Hex, a residual 
quantity (cell unit) = (192) Dec, a buff er address (cell unit) 
= (0120)Hex and a residual quantity error flag = (O)Bin. In 
addition, the writing in the assembling work area K 2 is made 
to provide a residual quantity (message unit) = (336) Dec, 
a buffer address (message unit) = (0090)Hex, a residual 
quantity (cell unit) - (144)Dec, a buff er address (cell unit) 
= (0150)Hex and a residual quantity error flag = (O)Bin. 

FIG. 12(b) is an illustration of a memory area arrangement 
at reception of a fifth cell of the second message from the 
path 1, and processing is conducted in like manner. That is, 
a receiving buffer head address = (0000) Hex, a receiving buf f er 
area size = (01E0)Hex and a cell count value = (4)Dec are 
read from the assembling work area K x . Subsequently, the 
writing in the assembling work area Ki is conducted to provide 
the receiving buffer head address = (0000) Hex, the receiving 
buffer area size = (01E0)Hex and the cell count value = (5)Dec. 
Following this, the reading from the assembling work area 
K 2 is conducted as a residual quantity (message unit ) = (336)Dec, 
a buffer address (message unit) = (0090)Hex, a residual 
quantity (cell unit) = (144) Dec, a buf f er address (cell unit) 
= (0150) Hex and a residual quantity error flag = (0)Bin. In 
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addition, the writing in the assembling work area K 2 is made 
to provide a residual quantity (message unit) = (336) Dec, 
a buffer address (message unit) = (0090) Hex, a residual 
quantity (cell unit) = (96) Dec, a buffer address (cell unit) 
5 = (0180) Hex and a residual quantity error flag = (0)Bin. 

FIG. 12(c) is an illustration of amemory area arrangement 
at reception of the last cell of the second message from the 
path 1, and processing is conducted in like manner. That is, 
a receiving buffer head address = (0000) Hex, a receiving buf f er 

10 area size = (01E0)Hex and a cell count value - (5)Dec are 
read from the assembling work area Ki. Subsequently, the 
writing in the assembling work area Ki is conducted to provide 
the receiving buffer head address = (0000) Hex, the receiving 
buffer area size = (01E0)Hex and the cell count value = (0)Dec. 

15 At this time, the count value is reset to 0. Following this, 
the reading from the assembling work area K 2 is conducted as 
a residual quantity (message unit) = (336) Dec, a buffer address 
(message unit) = (0090)Hex, a residual quantity (cell unit) 
= (96)Dec, a buffer address (cell unit) = (0180)Hex and a 

20 residual quantity error flag = (0)Bin. In addition, the 
writing in the assembling work area K 2 is made to provide a 
residual quantity (message unit) = (48)Dec, a buffer address 
(message unit) = (01B0)Hex, a residual quantity (cell unit) 
= (48)Dec, a buffer address (cell unit) = (01B0)Hex and a 

25 residual quantity error flag = (0)Bin. 

At the time of the completion of the processing of FIG. 
12(c), the write management information in the message BOX 
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24 is as follows . That is , a received data length = ( 288 ) Dec , 
a buffer head address = (0090) Hex and a cell count value = 
(6)Dec. FIG. 12(d) is an illustration of a memory area 
arrangement at reception of a first cell of a third message 
from the path 1 , and the processing is conducted in like manner . 
First, a receiving buff er head address = (0000) Hex, a receiving 
buffer area size = (OlEO)Hex and a cell count value = (0)Dec 
are read from the assembling work area K x . Then, the leading 
cell processing is conducted so that the receiving buffer 
head address = (0000) Hex and the receiving buffer area size 
= (01E0)Hex are read from the lookup area. Subsequently, the 
writing in the assembling work area Ki is conducted to provide 
the receiving buffer head address = (0000) Hex, the receiving 
buffer area size = ( 01E0 )Hex and the cell count value = (l)Dec. 
Following this, the reading from the assembling work area 
K 2 is conducted as a residual quantity (message unit) = (48) Dec, 
a buffer address (message unit) - (01B0)Hex, a residual 
quantity (cell unit) - (48) Dec, a buffer address (cell unit) 
= (01B0)Hex and a residual quantity error flag = (0)Bin. In 
addition, the writing in the assembling work area K 2 is made 
to provide a residual quantity (message unit) ■ (48) Dec, a 
buffer address (message unit ) = (01B0)Hex, a residual quantity 
(cell unit) - (0)Dec, a buff er address (cell unit) = (0000) Hex 
and a residual quantity error flag = (0)Bin. 

Furthermore, a description will be added of a processing 
method to be taken for when a residual quantity error occurs . 
FIG. 12(e) is an illustration of a memory area arrangement 
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at reception of a second cell of the third message from the 
path 1, and shows a memory area arrangement in a case in which 
a residual quantity error occurs. First, a receiving buffer 
head address = (0000) Hex, a receiving buffer area size = 
5 (OlEO)Hex and a cell count value « (l)Dec are read from the 
assembling work area Ki. 

Subsequently, the writing in the assembling work area 
K x is conducted so that the receiving buffer head address = 
(0000) Hex, the receiving buffer area size = (01E0)Hex and 

10 the cell count value ■ (2)Dec. 

Following this, the reading from the assembling work 
area K 2 is conducted so that a residual quantity (message unit ) 
= (48) Dec, a buffer address (message unit) = (01B0)Hex, a 
residual quantity (cell unit) = (0)Dec, a buff er address (cell 

15 unit) = (0000) Hex and a residual quantity error flag = (0)Bin, 
with the residual quantity (cell unit) being 0. 

In addition, the writing in the assembling work area 
K 2 is made so that a residual quantity (message unit ) = (48) Dec, 
a buffer address (message unit) = (01B0)Hex, a residual 

20 quantity (cell unit) = (0)Dec, a buffer address (cell unit) 
= (0000) Hex and a residual quantity error flag = (l)Bin. 

In this case, the writing of the received cells is not 
made, while the residual quantity error flag becomes 1 and 
this fact is communicated. 

25 FIG. 12(f) is an illustration of a memory area arrangement 

at reception of the last cell of the third message from the 
path 1, and shows a memory area arrangement in a case in which 
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a residual quantity error occurs . the processing is conducted 
in like manner. First, a receiving buffer head address = 
(OOOO)Hex, a receiving buffer area size = (OlEO)Hex and a 
cell count value = (2)Dec are read from the assembling work 
5 area K x . Subsequently, the writing in the assembling work 
area K x is conducted so that the receiving buffer head address 
= (0000) Hex, the receiving buffer area size = (OlEO)Hex and 
the cell count value = (O)Dec. Following this, the reading 
from the assembling work area K 2 is conducted so that a residual 

10 quantity (message unit ) = (48)Dec, a buff er address (message 
unit) = (01B0)Hex, a residual quantity (cell unit) - (0)Dec, 
a buffer address (cell unit) = ( 0000 )Hex and a residual quantity 
error flag = (l)Bin, with the residual quantity (cell unit) 
being 0 . In addition, the writing in the assembling work area 

15 K 2 is made to set a residual quantity (message unit ) = (48) Dec, 
a buffer address (message unit) - (01B0)Hex, a residual 
quantity (cell unit) - (48) Dec, a buffer address (cell unit) 
= (01B0)Hex and a residual quantity error flag = (0)Bin. Still 
additionally, the write management information in the message 

20 BOX 24 becomes a received data length = (0)Dec, a buffer head 
address - ( 0000 ) Hex , a cell count value = ( 0 ) Dec and a residual 
quantity error flag = (l)Bin. 

A difference from FIG. 12(e) is that the cell count value 
= (2)Dec. In addition, at the reading from the assembling 

25 work area K 2 , the residual quantity error flag is read out 
as 1. Still additionally, the residual quantity (cell unit) 
is written as (48) Dec. 
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In this case, the write management information in the 
message BOX 24 remains the same, that is, the received data 
length = (O)Dec, the buffer head address = (0000) Hex and the 
cell count value = (O)Dec, and the residual quantity error 
flag 1 is written therein, while the received cells are not 
written therein. 

On the other hand, when the message length is one cell, 
the writing is made normally. FIG. 13(a) is an illustration 
of a memory area arrangement at reception of the last cell 
of a fourth message from the path 1. In this case, since one 
cell is written in the last free area, the following processing 
is conducted. 

First, a receiving buffer head address = (0000) Hex, a 
receiving buffer area size = (01E0)Hex and a cell count value 
= (0)Dec are read from the assembling work area Ki. 

Then, the leading cell processing is conducted. That 
is, the reading from a lookup area is made, thus setting the 
receiving buffer head address = (0000)Hex and the receiving 
buffer area size = (01E0)Hex. 

Subsequently, the writing in the assembling work area 
K x is conducted to update to the cell count value = (0)Dec 
in a state where the receiving buffer head address = (0000) Hex, 
the receiving buffer area size = (01E0)Hex remain the same. 

Following this, the reading from the assembling work 
area K 2 is conducted, thus setting a residual quantity (message 
unit) = (48)Dec, a buff er address (message unit ) = (01B0)Hex, 
a residual quantity (cell unit) = (48) Dec, a buffer address 
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(cell unit) = (OlBO)Hex and a residual quantity error flag 
= (O)Bin. 

In addition, the writing in the assembling work area 
K 2 is made to provide a residual quantity (message unit) - 
(O)Dec, a buffer address (message unit ) = (OOOO)Hex, aresidual 
quantity (cell unit) = (O)Dec, a buffer address (cell unit) 
= (0000) Hex and a residual quantity error flag = (O)Bin. 

Still additionally, the write management information 
in the message BOX 24 is written . That is . written area receive 
data length - (48) Dec. a buffer head address = (OlBO)Hex and 
a cell count value = (l)Dec. 

At this time, the message readout notification is added 
to the CPU 25. FIG. 13(b) is an illustration of a memory area 
arrangement at the first message readout notification to the 
CPU 25. In this case, the write management information in 
the message BOX 24 is written. That is, there are written 
a received data length = (144) Dec, a buffer head address = 
(OOOO)Hex and a cell count value = (3)Dec. 

In this state, the processing to conducted at the 
reception of a first cell of a fifth message is as follows. 
FIG. 13(c) is an illustration of a memory area arrangement 
at the reception of the first cell of the fifth message from 
the path 1, and shows a memory area arrangement in a case 
in which a residual quantity error occurs . In this case, the 
residual quantity error flag indicative of the absence of 
a writing area is written as ( 1 ) Bin . That is , the processing 
is conducted in like manner so that a receiving buffer head 
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address = (OOOO)Hex, a receiving buff er area size = (OlEO)Hex 
and a cell count value = (O)Dec are read from the assembling 
work area K lf and the leading cell processing is conducted, 
and further the reading from the lookup area is made as a 
receiving buffer head address = (OOOO)Hex and a receiving 
buffer area size = (OlEO)Hex. Subsequently, the writing in 
the assembling work area Id is made as the receiving buffer 
head address = (OOOO)Hex, the receiving buffer area size = 
(01E0) and the cell count value = (l)Dec. Following this, 
the reading from the assembling work area K 2 is made as a residual 
quantity (message unit) = (O)Dec, a buffer address (message 
unit) = (0000) Hex, a residual quantity (cell unit) = (O)Dec, 
a buffer address (cell unit) = ( 0000 )Hex and a residual quantity 
error flag = ( 0 ) Bin . Moreover , the writing in the assembling 
work area K 2 is made as a residual quantity (message unit) 
= (0)Dec. a buffer address (message unit) = (0000)Hex, a 
residual quantity (cell unit) = (0)Dec, a buff er address (cell 
unit ) . ( 0000 ) Hex and a residual quantity error flag = ( 1 ) Bin . 

FIG. 13(d) is an illustration of a memory area arrangement 
at the reception of a second cell of the fifth message from 
the path 1. and shows a memory area arrangement in a case 
in which a residual quantity error occurs. In this case, a 
difference from FIG. 13(c) is that the cell count value becomes 
(l)Dec and at the readout processing from the assembling work 
area K 2 , the residual error flag is read out as (l)Bin. 
Similarly, also at the write processing in the assembling 
work area K 2 , the residual quantity error flag is written as 
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(l)Bin. That is, the processing is conducted in like manner 
so that a receiving buffer head addres s = (OOOO)Hex, areceiving 
buffer area size = (OlEO)Hex and a cell count value = (l)Dec 
are read from the assembling work area K x , and the writing 
5 in the assembling work area Ki is made as the receiving buffer 
head address = (0000) Hex, the receiving buffer area size = 
(OlEO)Hex and the cell count value = (2)Dec. Following this, 
the reading from the assembling work areaK 2 is made as a residual 
quantity (message unit) = (O)Dec, a buffer address (message 

10 unit) = (0000)Hex, a residual quantity (cell unit) = (0)Dec, 
a buffer address (cell unit) = (0000) Hex and a residual quantity 
error flag = (l)Bin. Moreover, the writing in the assembling 
work area K 2 is made as a residual quantity (message unit) 
= (0)Dec, a buffer address (message unit) = (0000)Hex, a 

15 residual quantity (cell unit) = (O)Dec, a buff er address (cell 
unit) = (0000) Hex and a residual quantity error flag - (l)Bin. 

FIG. 13(e) is an illustration of a memory area arrangement 
after the CPU 25 reads out a second message . The three leading 
areas of the external memory 22 shown in FIG. 13(e) are 

20 released. 

In addition, the write management information in the 
message BOX 24 is written so that written are a received data 
length = (288)Dec, a buffer head address - (0090)Hex and a 
cell count value = (6)Dec. 

25 Following this, the reading on the assembling work area 

K 2 is made to set a residual quantity (message unit) = (0)Dec, 
a buffer address (message unit) = (0000) Hex, a residual 
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quantity (cell unit) = (O)Dec, a buffer address (cell unit) 
= (0000) Hex and a residual quantity error flag = (l)Bin. 

Moreover, the writing in the assembling work area K 2 is 
made for a check of a residual quantity, that is, a residual 
5 quantity (message unit ) = (144)Dec, a buff er address (message 
unit) = (0000) Hex, a residual quantity (cell unit) = ( 144) Dec, 
a buffer address (cell unit) = ( 0000 ) Hex and a residual quantity 
error flag = (l)Bin. 

FIG. 13(f) is an illustration of a memory area arrangement 

10 at reception of the last cell of the fifth message from the 
path 1 , and shows an memory area arrangement in a case in 
which a residual quantity error occurs. Recognition on 
third/three cells is made so that the cell count value is 
reset to (0)Dec. That is, a receiving buffer head address 

15 = (0000) Hex, a receiving buffer area size = (01E0)Hex and 
a cell count value = (2)Dec are read from the assembling work 
area K x . Then, the writing in the assembling work area Ki 
is made as the receiving buffer head address = (0000) Hex, 
the receiving buffer area size = (01E0)Hex and the cell count 

20 value = (0)Dec. Following this, the reading from the 

assembling work area K 2 is made as a residual quantity (message 
unit) = (144) Dec, a buff er address (message unit ) = (0000) Hex, 
a residual quantity (cell unit) = (144) Dec, a buffer address 
(cell unit) = (0000) Hex. Moreover, as in the case of FIG. 

25 13(d) , at the readout processing on the assembling work area 
K 2 , the residual quantity error flag is read out as (l)Bin. 
Still moreover, the writing in the assembling work area K 2 
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is made as a residual quantity (message unit) = (144) Dec, 
a buffer address (message unit) = (0000) Hex, a residual 
quantity (cell unit) = ( 144) Dec, a buffer address (cell unit) 
= (0000) Hex. Since at the write processing in the assembling 
5 work area K2, there is a free area which permits the writing 
of a received cell , the residual quantity error flag is written 
as (O)Bin. 

In addition, the write management information within 
the message BOX 24 is written to set a received data length 

10 - (0)Dec, a buffer head address = (0000) Hex and a cell count 
value = (0)Dec, with the residual quantity error flag being 
written as (l)Bin. 

FIG. 14(a) is an illustration of a memory area arrangement 
at the reception of a first cell of a sixth message from the 

15 path 1. First, a receiving buffer head address = (0000) Hex, 
a receiving buffer area size = (01E0)Hex and a cell count 
value = ( 0 ) Dec are read from the assembling work area Ki . Then , 
the leading cell processing is conducted and the reading from 
the lookup area is made to provide the receiving buffer head 

20 address = (0000) Hex and the receiving buffer area size = 
(01E0)Hex. 

In addition, the writing in the assembling work area 
Ki is made as the receiving buffer head address = (0000) Hex, 
the receiving buffer area size = (01E0)Hex and the cell count 
25 value = (l)Dec. 

Following this, the reading from the assembling work 
area K 2 is made as a residual quantity (message unit) = (144) Dec, 
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a buffer address (message unit) = (OOOO)Hex, a residual 
quantity (cell unit) = (144) Dec, a buf f er address (cell unit) 
= (OOOO) Hex and a residual quantity error flag = (O)Bin. 
Moreover, the writing in the assembling work area K 2 is 
5 made as a residual quantity (message unit) = (144) Dec, a buffer 
address (message unit) = (OOOO)Hex, a residual quantity (cell 
unit) = (96) Dec, a buffer address (cell unit) = (0030)Hex 
and a residual quantity error flag = (O)Bin. 

FIG. 14(b) is an illustration of a memory area arrangement 

10 at the reception of a second cell of the sixth message from 
the path 1, and the processing is conducted in like manner. 
First, a receiving buffer head address = (0000) Hex, a receiving 
buffer area size = (01E0)Hex and a cell count value = (l)Dec 
are read from the assembling work area Ki. Then, the writing 

15 in the assembling work area Ki is made as the receiving buffer 
head address = (0000) Hex, the receiving buffer area size = 
(01E0)Hex and the cell count value = (2)Dec. Following this, 
the reading from the assembling work area K 2 is made as a residual 
quantity (message unit ) « (144) Dec, a buf fer address (message 

20 unit) = (0000)Hex, a residual quantity (cell unit) = (96)Dec, 
a buffer address (cell unit) = (0030) Hex and a residual quantity 
error flag = (0)Bin. Moreover, the writing in the assembling 
work area K 2 is made as the residual quantity (message unit) 
= (144)Dec, the buffer address (message unit) = (0000)Hex, 

25 the residual quantity ( cell unit ) = ( 48 ) Dec , the buffer address 
(cell unit) = (0060)Hex and a residual quantity error flag 
= (0)Bin. 
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FIG, 14(c) is an illustration of a memory area arrangement 
at the reception of a third cell of the sixth message from 
the path 1, and the processing is conducted in like manner. 
First, a receiving buffer head address = (0000) Hex, a receiving 
5 buffer area size = (01E0)Hex and a cell count value = (2)Dec 
are read from the assembling work area Ki. Then, the writing 
in the assembling work area K x is made as the receiving buffer 
head address = (0000) Hex, the receiving buffer area size = 
(01E0)Hex and the cell count value = (3)Dec. Following this, 

10 the reading from the assembling work area K 2 is made as a residual 
quantity (message unit ) = (144) Dec, a buff er address (message 
unit) = (0000) Hex, a residual quantity (cell unit) = (48) Dec, 
a buffer address (cell unit) = (0060) Hex and a residual quantity 
error flag = (0)Bin. Moreover, the writing in the assembling 

15 work area K 2 is made as the residual quantity (message unit) 
= (144) Dec, the buffer address (message unit) - (0000) Hex, 
the residual quantity (cell unit) = (0)Dec, the buff er address 
(cell unit) = (0090) Hex and a residual quantity error flag 
= (0)Bin. In these FIGs. 14(b) and 14(c), the count value 

20 of received cells and the write head address of the memory 
area are incremented. That is, by the processing after the 
area arrangement shown in FIG. 14(c), the cell count value 
becomes (3)Dec, and the buffer address (cell unit) = (0090) 
and the residual quantity error flag = (0)Bin. 

25 At this time, the readout processing is conducted with 

respect to the third message. This third message was not 
written in FIGs. 12(e) and 12(f). FIG. 14(d) is an 
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illustration of a memory area arrangement after the CPU 25 
reads out the third message. Six areas (address 0090 to 
address 0180) of the external memory 22 shown in FIG. 14(d) 
are released. 

In addition, the write management information in the 
message BOX 24 is written so that written are a received data 
length = (0)Dec, a buffer head address = (0000) Hex. a cell 
count value = (0)Dec and a residual quantity error flag = 
( 1 ) Bin . Accordingly, the readout processing is not conducted 
with respect to the third message, and for indicating this, 
the residual quantity error flag = (l)Bin. 

Following this, the reading from the assembling work 
area K 2 is made as a residual quantity (message unit) = (144)Dec, 
a buffer address (message unit) = (0000) Hex, a residual 
quantity (cell unit) = (0)Dec, a buffer address (cell unit) 
= ( 00 90) Hex and a residual quantity error flag - (0)Bin. This 
can indicate that there is a sufficient area. 

Moreover, the writing in the assembling work area K 2 is 
made for a check of the residual quantity, that is , the residual 
quantity (message unit) = (432) Dec, the buffer address 
(message unit) = (0000)Hex, the residual quantity (cell unit) 
= (288) Dec, the buffer address (cell unit) = (0090) Hex and 
a residual quantity error flag = (0)Bin. 

Furthermore, FIG. 14(e) is an illustration of a memory 
area arrangement at the reception of a fourth cell of the 
sixth message from the path 1 . First , a receiving buffer head 
address = (0000)Hex, a receiving buffer area size = (01E0)Hex 
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and a cell count value = (3)Dec are read from the assembling 
work area K x . 

Then, the writing in the assembling work area K x is made 
as the receiving buffer head address = (0000) Hex, the receiving 
buffer area size = ( 01E0 ) Hex and the cell count value = (4)Dec. 

Following this, the reading from the assembling work 
area K 2 is made to obtain a residual quantity (message unit) 
= (432)Dec, a buffer address (message unit) = (OOOO)Hex, a 
residual quantity (cell unit) = (288) Dec, a buffer address 
(cell unit) = (0090) Hex and a residual quantity error flag 
= (0)Bin. 

Moreover, the writing in the assembling work area K 2 is 
made as the residual quantity (message unit) = (432) Dec, the 
buffer address (message unit) = (0000) Hex, the residual 
quantity (cell unit) = (240) Dec, the buffer address (cell 
unit) = ( 00C0) Hex and a residual quantity error flag - (0)Bin. 

Lastly, FIG. 14(f) is an illustration of a memory area 
arrangement at the reception of the last cell of the sixth 
message from the path 1. That is, a receiving buffer head 
address - (0000) Hex, a receiving buff er area size = (01E0)Hex 
and a cell count value = (4)Dec are read from the assembling 
work area Ki. Then, the writing in the assembling work area 
Ki is made as the receiving buffer head address = (0000)Hex, 
the receiving buffer area size = (01E0)Hex and the cell count 
value = (5)Dec. Following this, the reading from the 
assembling work area K 2 is made to obtain a residual quantity 
(message unit) = (432) Dec, a buffer address (message unit) 
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= (OOOO)Hex, a residual quantity (cell unit) = (240)Dec, a 
buffer address ( cell unit ) = ( 00C0 ) Hex and a residual quantity 
error flag = (O)Bin. Moreover, the writing in the assembling 
work area K 2 is made as the residual quantity (message unit) 
5 = (192)Dec, the buffer address (message unit) = (OOFO)Hex, 
the residual quantity (cell unit) = (192) Dec and the buffer 
address (cell unit) = (OOFO)Hex. Since at the write processing 
in the assembling work area K 2 , there is a free area for received 
cells, a residual quantity error flag is written as (O)Bin. 

10 That is, recognition on fourth/four cells is made so 

that the cell count value is set to (4)Dec. In addition, at 
the readout processing from the assembling work area K 2 , the 
residual quantity (cell unit) becomes (240) Dec. Still 
additionally, at the write processing from the assembling 

15 workarea K 2l the residual quantity (message unit ) = (192)Dec, 
the buffer address (message unit) = (OOFO)Hex, the residual 
quantity (cell unit) = (192) Dec, the buffer address (cell 
unit) = (OOFO)Hex, and the residual quantity error flag = 
(O)Bin. 

20 Moreover, the write management information in the 

message BOX 24 is written so that written are a received data 
length = (240) Dec, a buffer head address = (0000) Hex and a 
cell count value = (5)Dec. 

When one cell is received in this way, with regard to 

25 that cell, a cell number, a message number, the number of 
received cells and others are managed through the use of the 
aforesaid plurality of management information. Accordingly, 
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upon the reception of cells coming from a plurality of paths, 
the management can be made individually with respect to each 
cell. 

Referring to FIGs. 15(a) to 15(f), a more detailed 
description will be added of the write method using a stored 
flag mentioned above with reference to FIGs. 10(a) to 10(d) . 
Moreover , a readout method using a stored flag will be described 
thereafter with reference to FIGs. 16(a) to 16(f). 

FIGs. 15(a) to 15(f) are illustrations for explaining 
a write method in which writing ranks are added through the 
use of a stored flag. These FIGs. 15(a) to 15(f) show a write 
example in which a receiving buffer area corresponding to 
one path are set in a range from an address 0000 to an address 
0FFF (4 Kbyte) . 

FIG. 15(a) is an illustration of an area arrangement 
immediately after the writing of a cell, whose cell number 
is 2 , in a first message . A cell ( 1 - 1 ) , together with a stored 
flag, is written at the address 0000 of the external memory 
22 shown in FIG. 15(a) . This stored flag is expressed by bits 
constituting two bytes, and is composed of a message number 
and a readout processing bit. Accordingly, it functions as 
a flag area. For example, when the message number is 1 and 
the readout processing bit is 0 (processed) , this is expressed 
as follows . 

(Kl) 01+0 (processed) 

Thus, the address table 23 is made to add a writing rank 
to a received cell in a manner that flag information on whether 
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or not the received cell is read out is written in the flag 
area (Kl) placed in a memory area. 

In addition, in this FIG. 15(a), there are indicated 
start registers 40a, 40b and message BOX registers 41a, 41b, 
41c. The start register 40a functions as a head address 
holding section to manage a writing position at which a received 
cell is written in the memory area. The start register 40b 
is for representing a message number status. The indication 
is made such that the next write address is 0100 and the number 
of a message being assembled is 01. 

Moreover, in FIG. 15(a), the message BOX register 41a 
indicates a message number, and the message BOX register 41b 
indicates a message head address, and these function as a 
message storing/holding section to manage the message number 
of the received cell written and the write address. The 
message BOX register 41c indicates the number of cells in 
the message. 

Thus, the address table 23 is made to add a writing rank 
by reading out the indication of the head address holding 
section (start registers 40a, 40b) for managing the writing 
position at which the received cell is written in the memory 
area and the indication of the message storing/holding section 
(message BOX registers 41a, 41b, 41c) for managing the message 
number of the received cell written and the writing position 
information. 

In addition, when reading out each cell of a message 
comprising a plurality of cells and written in the memory 
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area, the message readout apparatus can read out the written 
cell by three means mentioned below in (i) to (iii) through 
the use of the CPU 25 and the external memory 22. That is, 
the address table 23 of the message readout apparatus functions 
5 as a control means and can select one of the first means, 
the second means and the third means through the setting of 
the memory area. 

(i) First Means 

A message is read out on the basis of a writing rank 
10 added in the order of the cell reception processing. 

(ii) Second Means 

A message is read out on the basis of a writing rank 
added in a manner that flag information (stored flag) 
indicative of whether or not the readout processing is 
15 conducted with respect to the cell is written in the memory 
area . 

(iii) Third Means 

A message is read out on the basis of the writing rank 

added by an indication of the message storing/holding section 
20 (message BOX registers 41a, 41b, 41c) which manages the message 

number of the received cell written in the memory area and 

the writing position information. 

FIG. 15(b) is an illustration of an area arrangement 

when a first message is written. The arrangement shown in 
25 FIG. 15(b) is taken at the reception of a message comprising 

five cells, and the start register 40a indicates an address 

0250. 
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FIG, 15(c) is an illustration of an area arrangement 
at the writing of a second message. The arrangement shown 
in FIG. 15(c) is taken at the reception of a message comprising 
two cells, and holds write information on the first message 
5 and write information on the second message. Concretely, the 
message BOX registers 41a, 4 lb and 41c indicate that the message 
number is 1, the message head address is 0000 and the number 
of cells in the message is 5, and further indicate that the 
message number is 2, the message head address is 0250 and 

10 the number of cells in the message is 2. 

Similarly, FIG. 15(d) is an illustration of an area 
arrangement at the writing of a third message, FIG. 15(e) 
is an illustration of an area arrangement at the writing of 
a fourth message, and FIG. 15(f) is an illustration of an 

15 area arrangement at the writing of a fifth message. The 
contents shown in these illustrations are the same as those 
mentioned with reference to FIG. 15(c), and the repeated 
description thereof will be omitted. 

This allows the CPU 25 to see the stored flag for making 

20 a decision on whether already read out or not, and hence, 
it is possible to individually handle cells coming from a 
plurality of paths. 

Secondly, a description will be added of a flow of the 
readout. FIGs. 16(a) to 16(f) are illustrations for 

25 explaining a method of adding a writing rank through the use 
of the stored flag to read out a written cell. Five types 
of messages are written in a receiving buffer area shown in 
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FIGs. 16(a) to 16(f) . In addition, each of stored flags (Kl) 
to (Ka) functions as a flag area. 

FIG. 16(a) is an area arrangement before readout. As 
FIG. 16(a) shows, there are written a first message 1 (address 
0000 to address 0250 ) having a five -cells arrangement, a second 
message 2 (address 0250 to address 0350) having a two-cells 
arrangement, a third message 3 (address 0350 to address 0500) 
having a three-cells arrangement, a fourth message 4 (address 
0350) having a one-cell arrangement, and a fifth message 5 
(address 0550 to 0700) having a three-cells arrangement. 

In this case, the stored flag, the start registers 40a, 
40b and the message BOX registers 41a, 41b, 41c are the same 
as those mentioned above , and the repeated description thereof 
will be omitted. In addition, also with respect to the 
following illustrations , the description of the same contents 
may be omitted. 

FIG. 16(b) is an illustration of an area arrangement 
after readout of the second message. The message written in 
the second place is read out, and this creates a free area. 
At this time, the stored flag (K2) for the second message 
assumes the following indication. 

(K2) 02 + 0 (processed) 

FIG. 16(c) is an illustration of an area arrangement 
at the readout of the fourth message, and in the case of the 
area arrangement at the readout of the fourth message, the 
stored flag at this time takes the following indication. 

(K2) 02 + 0 (processed) 
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(K4) 04+0 (processed) 

For example, the stored flag on the sixth message which 
has not yet been read out at this time takes the following 
indication . 

(K6) 06+1 (non-processed) 

FIG. 16(d) is an illustration of an area arrangement 
when the messages up to the ninth are written and the fifth 
message is being read out . For example , the stored flags for 
the fifth and ninth messages have the following indications . 
respectively. 

(K5) 05+1 (non-processed) 
(K9) 09+1 (non-processed) 

The (K5) is changed to 05 + 1 (processed) after read 

out . 

FIG. 16(e) is an illustration of an area arrangement 
when the messages up to the tenth have been written and in 
a case in which received cells can be written in the remaining 
free areas. For example, the stored flags on the fifth and 
tenth messages have the following indications, respectively. 

(K5) 05+0 (processed) 

(Ka) 0a + 1 (non-processed) 

Thus , the CPU 25 performs the write and readout on received 
cells through the use of the values of the stored flag and. 
thereafter, updates the management information. This 
enables processing cells coming from a plurality of paths 
without abandoning. Moreover, efficient use of a free area 
becomes feasible. 
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In addition, it is possible to monitor the size of the 
remaining free area of the memory area through the use of 
these values. FIG. 16(f) is an illustration of an area 
arrangement at the reception of an eleventh message. This 
eleventh message comprises five cells , and the remaining free 
area does not permit the writing. 

As mentioned above, in the case of small remaining free 
area, the new writing is inhibitable, which can prevents a 
non-processed area from being subjected to writing in a state 
invaded . 

The cell assembling processing is conducted with this 
arrangement. A description will be added hereinbelow of a 
method for writing in a receiving buffer area in cell units 
and in message units. 

FIG. 17 is a flowchart showing an operation for receive 
processing according to an embodiment of the present invention . 
First of all, in a step Nl, cells being divisions of an AAL5 
message and having path information are received from a 
plurality of points (receive step), and in a step N2 , path 
recognition processing is conducted to extract the path 
information on the cells received in the receive step for 
allocating a memory area larger than the size of the AAL5 
message corresponding to the path information (message area 
allocating step), thereby generating an address Ki of an 
assembling work area K x in the address table corresponding 
to that path. 

Following this, in a step N3, the read processing on 
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the assembling work area Ki is conducted to read out the 
assembling work area Ki data corresponding to that path on 
the basis of the address K x generated in the step N2 . That 
is, a cell count value in an area Ki-x (represents a path 1 
5 in the assembling work area Kj.) of the assembling work area 
Ki corresponding to that path is read out from the address 
Ki to make a decision on whether it is the head or non-head. 

Subsequently, in a step N4, the message head recognition 
processing is conducted to make a decision, on the basis of 

10 the cell count value of the data of the assembling work area 
K x (area indicated by K x ) read in the step N3, as to whether 
or not a cell being processed currently is the head of the 
message. If it is the head, an YES route is taken so that 
a lookup area address corresponding to that path is generated 

15 and, in a step N5, the lookup area data corresponding to that 
path is read out on the basis of the generated address. If 
it is the non-head, a NO route is taken so that the lookup 
area read processing is not conducted but the receiving buffer 
area determination processing is conducted on the basis of 

20 the assembling work area K x data in a step N6 . 

The receiving buffer area determination processing in 
the step N6 is as follows. That is, upon the reception of 
the message head, a decision is made as to whether the message 
assembling processing is conducted in accordance with the 

25 PATHEN setting of the lookup area data, or the cells are 
abandoned without the message assembling . Moreover , upon the 
reception of other than the message head, a decision is made 
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as to whether the message assembling processing is conducted 
in accordance with the PATHEN setting of the assembling work 
area data or the cells are abandoned without the message 
assembling. At this time, if the setting shows the message 
5 assembling processing , addresses for writing of received data 
are generated on the basis of a received message start address . 

In addition , the assembling work area Ki write processing 
is conducted in a step N7. That is, the cell count value of 
the assembling work area data read out in the step N3 is updated 

10 by +1, and overwritten in the assembling work area for the 
assembling work area data in the address table of the external 
memory, read out in the step N3 . Moreover, at the reception 
of the message head, the lookup area data itself, read out 
in the step N5, is overwritten in the assembling work area 

15 in the address table. 

The assembling work area K 2 write processing is conducted 
in step N8. After the completion of the processing in the 
stepN7 , an address of the assembling work areaK 2 of the external 
memory corresponding to that path is generated and read out . 

20 Accordingly , when a received cell is written in the memory 

area allocated in the aforesaid message area allocating step, 
a writing rank is added to the received cell (writing rank 
step) • 

The external memory residual quantity check processing 
25 is conducted in a step N9, and the assembling work area K 2 
write processing is conducted in a step N10. A check on the 
residual quantity of the receiving buffer area is made on 



73 



the basis of the residual quantity value of the assembling 
work area K 2 read out in the step N7, and with respect to a 
cell on which a residual quantity error (when the remaining 
area is smaller than an area corresponding to one cell ) occurs , 
in order to abandon the entire message corresponding to that 
cell, a flag is set at a residual quantity error bit of the 
assembling work area K 2 data read out in the step N8 until 
the last cell of the message is received, and overwritten 
in the assembling work area K 2 in the address table of the 
external memory. 

When the residual quantity check shows no error , updating 
is made such that 48 is subtracted from the residual quantity 
value of the assembling work area K 2 read out in the step N8 
and 48 is added to a data writing head address value for the 
next reception, and these values are overwritten in the 
assembling work area K 2 in the address table. 

Furthermore, the received data write processing is 
conducted in a step Nil. On the basis of the head address 
of the receiving buffer area for the assembling work area 
K 2 data read out in the step N8 , 48 bytes constituting a payload 
portion of the received data are written in the receiving 
buffer area. That is, the received cells are written in the 
memory area in accordance with the writing ranks added in 
the aforesaid writing rank step ( storing step ) . In addition , 
after the processing in the step Nil, a decision is made as 
to whether or not it is the last cell. 

Moreover, in a step N12 , a decision is made as to whether 
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or not ±t is the last cell (the last cell of the message in 
units of path) . If the decision shows the last cell, the YES 
route is taken so that the message BOX notification processing 
is conducted in a step N13. That is, when the decision is 
5 made to the last cell of the message, the information on that 
message, i.e., a write head address of the receiving buffer 
area, a message length, a receive trailer value and each error 
information, are written in the message BOX area, and the 
message assembling in path unit comes to an end. Moreover, 

10 the IRQ notification is made to the CPU in a manner that they 
are written in the message BOX area. 

Subsequently, the message BOX readout processing to the 
CPU is conducted in a step N14. That is, the CPU reads out 
the data written in the message BOX area on the basis of the 

15 IRQ notification, and reads out a received message of the 
received buffer area from information of the data. 

In this connection, if the decision in the step N12 does 
not show the last cell, the NO route is taken so that the 
operation returns to the step Nl to repeatedly implement the 

20 aforesaid steps N2 to N12. 

Furthermore, the assembling work area K 2 readout 
processing is conducted in a step N15. After the completion 
of the processing in the step N14, the assembling work area 
K 2 for that path is read out. In addition, the residual 

25 quantity is updated in a step N16 and the assembling work 
area K 2 write processing is conducted in a step N17. That 
is, a value corresponding to the message length read out in 
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the step N14 is added to the residual quantity value of the 
assembling work area K 2 data read out in the step N15 for the 
write updating of the assembling work area K 2 for the next 
processing. 

5 Thus, when one cell is received, with regard to that 

cell, a cell number, a message number, the number of received 
cells and others are managed through the use of the aforesaid 
plurality of management information; therefore, the efficient 
use of the memory area becomes feasible. 

10 Moreover, since the transfer of the AAL5 message from 

a plurality of paths becomes possible in this way, the transfer 
processing capability is improvable in total and a shortening 
of the data transfer time is realizable . Still moreover , since 
the cell writing in the receiving buffer memory becomes dynamic , 

15 the effective use of the memory area becomes possible and 
the PCB parts mounting area is reducible, which leads to 
promoting the cost reduction of PCB. 

In addition, the multi-connections (see FIG. 1) can be 
made in this way. That is, it is possible to 

20 time-division-multiplex the data from ordinary users, which 
enables transfer of a large volume of data. 

Fig. 18 is a flowchart showing receive processing using 
a stored flag, according to an embodiment of the present 
invention. Moreover, the processing is a write processing 

25 flowchart for other than the last cell. 

First of all , upon reception of ATM cells from a plurality 
of points (step Wl) , the path on the ATM cells is extracted, 
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and the address table set in advance is referred to , and further 
addresses for storing payload data of the received cells are 
recognized on the basis of the set path (step W2). 

Moreover, a check is made as to the order of the cells 
in the message, and a check is made as to whether the incoming 
received cell is the last cell of the AAL5 message or another 
cell (step W3) . Still moreover, in a step W4, a check is made 
on the PT bit of the header of the received cell. If PT =* 
1, a decision is made to the last cell and a route labeled 
with "last cell" is selected (see a portion indicated by B 
in FIG. 19) . If PT = 0, a decision is made to other than the 
last cell and a route labeled with "other than last cell" 
is taken . 

Furthermore, in a step W5, the start register is read 
to extract a head address at which the payload data of the 
incoming cell is written and a message number whereby the 
order of the message on that path is recognized. Then, in 
a step W6, a leading cell identifying bit in the message is 
checked to make a decision as to whether that cell is at the 
head or other than the head. 

In the case of the leading cell, the YES route is selected 
so that, in a step W7, the setting to the message BOX/register 
which manages information in message unit is made with respect 
to a received cell. As the setting contents, a head address 
at which the message, when its turn comes, is stored on the 
basis of the status value of the message number read out in 
the step W5. 
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Still furthermore, in a step W8, a message number and 
a processing bit set into a non-processed condition are written 
as two-byte stored flag at the written head address of the 
receiving buffer memory (address written in the step W5). 
In this case, if already read out and not written, the 
processing bit is set to processing bit = 0 . If non-processed 
in readout, the processing bit is set to processing bit = 
1. Incidentally, if the decision in the step W6 shows other 
than the leading cell, the processing in the step W7 is not 
conducted but the NO route is taken so that the stored flag 
write processing is conducted in a step W8. 

Following this , in a step W9 , the payload data ( 48 bytes ) 
of the received cell is written after the stored flag is 
written. 

In a step W10, the address is incremented by one, and 
the stored flag readout processing bit is checked at the next 
address . 

In a step Wll, a check is made as to whether or not the 
readout processing bit has already been processed. This is 
because . in a case in which the received cell is written after 
the free area corresponding to that path is once occupied, 
the stored flag has already been written at the next address 
and the processing bit can assume 0 or 1 . in the step Wll, 
if the readout processing reaches completion, the NO route 
is taken so that the start register value is updated in a 
step W12. In addition, the message BOX register value is 
updated in a step W13, and the one-cell receive processing 
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comes to an end in a step W14. 

Incidentally, in the step Wll. if the readout bit is 
not processed yet, the YES route is taken because there is 
a need to seek a free area in which the cell can be written. 
5 Moreover, the frequency S n of examination is checked in 

a step WlOc, and when the frequency S n examination assumes 
0 to n-1, the processing again returns to the step W10 and 
the stored flag at the next address is checked. On the other 
hand , if the frequency S n of examination is at n , the right-hand 
10 route in FIG. 18 is taken so that, in a step W9z. a decision 
is made that the residual quantity of the memory area is 
insufficient . 

Accordingly, when, after a case in which the readout 
processing bit indicates the non-processed condition 

15 continues, the number of times S n of examination is counted 
up to a maximum number of cells which can be written in the 
receiving buffer area (S n = n) , the receiving buffer area for 
that path does not have a free space in which the incoming 
cell can be written , and the notification of the insufficient 

20 residual quantity takes place. 

In this connection, in a case in which the received cells 
of the first and second messages are written after the 
initialization of the receiving buffer area, since many free 
areas exist practically in the buffer area for that path, 

25 the stored flag is not written at the next address. 

Accordingly, no writing takes place at processing bit = 0, 
and the start register is updated. 
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in addition, if the decision in the step W9z shows the 
insufficient residual quantity of the memory area, the set 
value of the message BOX register made in the step W7 is cleared 
in a step WIOz, and in a step Wllz. the current message is 
abandoned and the message write completion state immediately 
prior thereto is again taken, still additionally, since the 
data of the received cell could be written without any trouble 
in the step W12. the head address in the start register is 
updated for writing the data of the next incoming received 
cell. Yet additionally, since the data of the received cell 
could be written without any trouble in the step W13, the 
cell count value of the message BOX/register is incremented. 

Then, in the step W14. the write processing in the 
receiving buffer area in cell unit comes to an end. 
Furthermore, the processing again returns to the step Wl and 
a waiting state is taken for the next incoming ATM cell. 

FIG. 19 is a flowchart showing receive processing using 
a stored flag, according to an embodiment of the present 
invention. The processing shown in FIG . 19 is a processing 
flowchart for writing of the last cell. 

In FIG. 19, in a step WIS, when a received cell is the 
last cell, a start register is read out, and as well as the 
step W5 , a head address and a message number are taken in. 

In a step W16, a message number value and a readout 
processing bit set into a non-processed condition are written 
as a two-byte stored flag at a write head address of the data, 
read out in the step WIS, in the receiving buffer memory. 
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That is, if the readout processing is completed and writing 
is not made, the processing bit = 0, while if the readout 
processing is not conducted yet, the processing bit ■ 1. 

In addition, after the writing of the stored flag, the 
payload data (48 bytes) of a received cell is written in a 
step W17, and a readout processing bit in the stored flag 
at the next address is checked in a step W18. Still 
additionally, as in the case of the steps W10 and Wll, if 
the processing bit « 0, the processing advances to a step 
W20, while if the processing bit = 1, the processing shifts 
to a step W19z. 

In the step W19z, similarly, after a state in which the 
processing bit is non-processed continues, if the frequency 
S n of examination is counted up to a maximum number of cells 
which can be written in the receiving buffer area (S n = n), 
the processing advances to a step W18z where it is considered 
that the receiving buffer area for that path has no free space 
for writing of an incoming cell , a notification of insufficient 
residual quantity takes place. Moreover, in a step W19z-2, 
the current message writing comes to an end, and thereafter, 
the NO route is taken until the readout is conducted, thus 
inhibiting the writing (step W20z). On the other hand, if 
the readout is conducted in the step W19z-2, the YES route 
is taken to lead the processing to a step W22. 

Moreover, the data of the received cell is stored without 
any trouble in a step W19 and, hence, the head address in 
the start register for writing of the data of the next incoming 
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received cell is updated in a step W20. Still moreover, the 
data of the received cell is written without any trouble in 
a step W21 and, hence, the cell count value of the message 
BOX/register is incremented and the leading cell identifying 
bit in the message is set up. 

Accordingly, in a step W22, the write processing in the 
receiving buffer area in message unit comes to an end. In 
addition, the processing again returns to the step Wl to fall 
into a waiting condition for the next incoming ATM cell. 

FIG. 20 is a flowchart showing receive processing using 
a stored flag, according to an embodiment of the present 
invention. The processing shown in FIG. 20 is a readout 
processing flowchart for the last cell. 

First of all, a plurality of messages are stored in a 
step Rl . Then , in a step R2 , after confirming that a plurality 
of AAL5 messages are stored in the receiving buffer area, 
the CPU (firmware) determines a message to be read out. 

In a step R3, the message BOX register for the 
readout -determined message is read out and the head address 
at which that message is stored is fetched. 

In a step R4 , the message number is checked and the stored 
flag of the leading cell of that message is read out to examine 
the message number. 

In a step R5, the readout processing bit is examined 
so that , when the readout processing bit = 1 , the non-processing 
route is taken, and in a step R6, the payload data (48 bytes) 
is read out intact ly. Moreover, when the processing bit = 
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0, the processing-completed route is taken so that the 
processing again returns to the step R4 for reading out the 
stored flag in which the next cell exists. 

Since, in a step R7 , the readout of the cell data at 
that address reaches completion, the readout processing bit 
in the stored flag of that cell is rewritten to the processing 
completion, i.e., the readout processing bit = 0. 

In a step R8, the number of times of rewriting of the 
readout processing bit is compared with the in-message cell 
count value in the message BOX register, and in a step R9, 
if they do not match with each other, the non -matching route 
is taken so that the processing again returns to the step 
R4 for reading out the stored flag existing in a portion storing 
the next cell. If the comparison result shows the matching, 
the matching route is taken so that, in a step RIO, the readout 
in message unit comes to an end, and the processing again 
returns to the step Rl for the preparation for the readout 
of the next message. 

At this time, since the area for the message read out 
becomes a free area, when the next cell is received, the data 
in this cell are made to be successively written therein. 

When one cell is received in this way, with regard to 
that cell, a cell number, a message number, the number of 
received cells and others are managed through the use of the 
aforesaid plurality of management information; therefore, 
the efficient use of the memory area becomes feasible and 
the transfer of the AAL5 message from a plurality of paths 
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becomes possible, which enables the improvement of the 
transfer processing capability in total and the realization 
of a shortening of the data transfer time. 

In addition, since the cell writing in the receiving 
buffer memory becomes dynamic, the effective use of the memory 
area becomes feasible and the PCB parts mounting area becomes 
reducible, which leads to promoting the reduction of the cost 
of the PCB. 

Still additionally, the multi-connections (see FIG. 1) 
become possible in this way. That is, it is possible to 
time -division -multiplex the data from the ordinary users, 
which allows the transfer of a large volume of data. 
(B) Others 

In the above-described embodiments , although the writing 
ranks are added in the order of the cell arrival, as the method 
of switching this arrival order into the writing ranks using 
a stored flag, there are various methods. For example, it 
is realizable in a manner that an area for the setting is 
placed in the assembling work areas K x and K 2 shown in FIG. 
4. In addition, the address table 23. the message BOX 24 and 
each of the areas of the receiving buffer area are not limited 
to the partitioning shown in FIG. 4, but it is also possible 
that the respective areas are allocated to separate storage 
units . Still additionally, the locations of the stored flags 
in the memory area can be set diversely. 

Moreover, in the aforesaid message writing apparatus, 
the message is a message of the adaptation layer and the cells 
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are divisions of a message of the adaptation layer, with this 
adaptation layer being AAL5 . Similarly, in the message 
readout apparatus, the message is a message of the adaptation 
layer and the cells are divisions of a message of the adaptation 
5 layer, with this adaptation layer being AAL5. 

Incidentally, the adaptation layer to which the present 
invention is applicable is not limited to the AAL5, but AALO, 
AAL1, AAL2 and AAL3/4 can also be put to use. 

Still moreover, in FIG. 6, the external memory control 
10 section 21e and the CPU 25 are connected as in the case of 
FIG. 5 (not shown). In addition, in FIG. 7, the message BOX 
24 is shown outside the external memory 22 for explanation 
only. 

15 Industrial Applicability 

Currently, due to the spread of the internet and others, 
the data transfer volume in networks has been on the extreme 
increase, also in the case of a communication apparatus based 
on an ATM network, there is a need to conduct the quick and 

20 accurate transfer processing of a large volume of data; 

therefore, the multi- connections in the ATM path unit has 
been essential. According to the present invention, since 
the transfer of the AAL5 message from a plurality of paths 
is possible in a manner a received ATM cell is written in 

25 a receiving buffer by each path, the transfer processing 
ability is improvable in total and the shortening of the data 
transfer time is realizable. 
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In addition, since the AAL5 message assembling section 
is made to have the extension performance in specification 
and capacity of the accompanying receiving buffer memory, 
it is possible to construct an optimum communication apparatus 
system having a processing capability according to the traffic 
of a network. 

Still additionally, since the cell writing in the 
receiving buffer memory is made dynamically, the effective 
use of the memory area is feasible and the PCB parts mounting 
area is reducible, which leads to the further reduction of 
the PCB cost. 
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CLAIMS 
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8 
9 
10 
11 
12 
13 
14 
15 
16 



1 1. Amessage writing apparatus characterized by comprising: 

2 receiving means (21b) for receiving cells having path 

3 information, said cells being obtained by division of a 

4 variable -length message; 
message area allocating means (21e) for extracting said 

6 path information from the received cells received by said 

7 receiving means (21b) to allocate a memory area (22) 
corresponding to said path information, said memory area (22) 
being larger than a size of said variable -length message; 

writing ranking adding means (23) for adding writing 
ranks to the received cells when the received cells are written 
in said memory area (22) allocated by said message area 
allocating means (21e); and 

storing means (25) for writing the received cells in 
said memory area (22) according to said writing ranks added 
by said writing rank adding means (23). 



1 2. A message writing apparatus according to claim 1, 

2 characterized in that saidmessage area allocating means (21e) 

3 includes : 

4 address table setting means for setting, in said memory 

5 area (22). an address table area (23) in which a size of a 

6 writing area, a writing position of said variable -length 

7 message and the number of received cells, corresponding to 

8 said path information, are related to each other on the basis 
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of cell numbers and message number of the received cells; 



and 



message storing area setting means for setting, in said 
memory area (22) , a message storing area (24) which CPU reads 
out the received cells in message units. 

3. A message writing apparatus according to claim 1, 
characterized in that said writing rank adding means (23) 
is made to add said writing ranks to said received cells in 
the order of receiving processing of the received cells. 

4. A message writing apparatus according to claim 1, 
characterized in that said writing rank adding means (23) 
is made to add said writing ranks to said received cells by 
writing flag information indicative of whether or not the 
received cells are read out, in flag areas (Kl, •», Ka) placed 
in said memory area (22). 

5. A message writing apparatus according to claim 4, 
characterized in that said writing rank adding means (23) 
is equipped with residual quantity examining means (K 2 . x , -, 
K 2 _ n ) for checking said flag information to examine a size 
of a free area for writing of the received cells. 

6. A message writing apparatus according to claim 1, 
characterized in that said writing rank adding means (23) 
is made to add said writing ranks by reading out an indication 
of a head address holding section (40a, 40b) which manages 
writing positions for writing of the received cells in said 
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6 memory area (22) and an indication of a message storing/holding 

7 section (41a, 41b, 41c) which manages a message number of 

8 the written received cells and writing position information. 

1 7. A message writing apparatus according to claim 6, 

2 characterized in that said writing rank adding means (23) 

3 is equipped with residual quantity checking means (K 2 -i, 

4 K 2 - n ) for examining a size of a free area for writing of the 

5 received cells by checking the indication of said head address 

6 holding section (40a, 40b) and the indication of said message 

7 storing/holding section (41a, 41b, 41c). 

1 8 . A message writing apparatus according to any one of claims 

2 1 to 7, characterized in that said message is an adaptation 

3 layer message and said cells are obtained by division of said 

4 adaptation layer message. 

1 9. A message writing apparatus according to claim 8, 

2 characterized in that said adaptation layer is based on AAL5. 

1 10. A message writing method characterized by comprising: 

2 a receiving step of receiving cells having path 

3 information, said cells being obtained by division of a 

4 variable -length message; 

5 a message area allocating step of extracting said path 

6 information from the received cells received in said receiving 

7 step to allocate a memory area (22) corresponding to said 

8 path information, said memory area (22) being larger than 

9 a size of said variable-length message; 



89 



10 a writing rank adding step of adding writing ranks to 

11 the received cells when the received cells are written in 

12 said memory area (22) allocated in said message area allocating 

13 step; and 

14 a storing step of writing the received cells in said 

15 memory area (22) according to said writing ranks added in 

16 said writing rank step. 

1 11. A message readout apparatus (20) which reads out each 

2 of a plurality of cells constituting a message and written 

3 in a memory area (22), characterized by comprising: 

4 first means (22, 25) for reading out said message in 

5 accordance with writing ranks added in the order of receive 

6 processing of said cells; 

7 second means (22, 25) for reading out said message on 

8 the basis of the added writing ranks in a manner that flag 

9 information, indicative of whether or not said cells are read 

10 out, is written in said memory area (22); 

11 third means (22, 25) for reading out said message on 

12 the basis of said writing ranks based on an indication of 

13 a message storing/holding section (41a, 41b, 41c) which 

14 manages a message number of the received cells written in 

15 said memory area and writing position information thereon; 

16 and 

17 control means (23) operable of selecting any one of said 

18 first means (22, 25), said second means (22, 25) and said 

19 third means (22, 25) by setting of said memory area (22). 
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1 12. A message readout apparatus according to claim 11 , 

2 characterized in that said message is an adaptation layer 

3 message and said cells , said cells being obtained by division 

4 of said adaptation layer message. 

1 13. A message readout apparatus according to claim 12, 

2 characterized in that said adaptation layer is based on AAL5 . 

1 14 . A message readout method of reading out each of a plurality 

2 of cells constituting a message and written in a memory area 

3 (22), characterized by comprising: 

4 a first step of reading out said message in accordance 

5 with writing ranks added in the order of receive processing 

6 of said cells; 

7 a second step of reading out said message on the basis 

8 of the added writing ranks in a manner that flag information, 

9 indicative of whether or not the cells are read out , is written 
10 in said memory area (22); and 

H a third step of reading out said message in accordance 

12 with said writing ranks provided by an indication of a message 

13 storing/holding section (41a, 41b, 41c) which manages a 

14 message number of the received cells written in said memory 

15 area (22) and writing position information, 

16 with any one of said first means, said second means and 

17 said third means being selectively implemented according to 

18 setting of said memory area (22). 



1 



15. A memory address control circuit for writing of a 
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variable -length message, characterized by comprising: 

a path recognizing section (21a) for receiving cells, 
said cells being obtained by division said variable -length 
message and transmitted to extract path information from the 
received cells; 

a receive control section (21c) operable of adding 
writing ranks on writing in a memory (22) in correspondence 
with said path information outputted from said path 
recognizing section (21a) and of outputting a size of a writing 
area, a writing position of said variable -length message and 
the number of received cells as management information; 

a received message assembling section (21b) having an 
address table (23) , in which said size of said writing area, 
said writing position of said variable -length message and 
the number of received cells, corresponding to said path 
information, are related to each other on the basis of said 
management information from said receive control section and 
operable of assembling the received cells with respect to 
one variable -length message and outputting second write 
inf ormat ion ; and 

a memory control section (21e) operable of controlling 
writing in said memory (22) on the basis of said management 
information from said received message assembling section 
(21b) and the second write information from the receive control 
section (21c) . 

16. A memory address control circuit for readout of a 
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2 variable- length message, characterized by comprising: 

3 a path recognizing section (21a) for receiving cells, 

4 said cells being obtained by division of said variable- length 

5 message and transmitted to extract path information from the 

6 received cells; 

7 a receive control section (21c) operable of adding 

8 writing ranks on readout from a memory (22) in correspondence 

9 with said path information outputted from said path 

10 recognizing section (21a) and of outputting a size of a readout 

11 area, a readout position of said variable -length message and 

12 the number of received cells as management information; 

13 a received message assembling section (21b) having an 

14 address table (23) , in which said size of said readout area, 

15 said readout position of said variable -length message and 

16 the number of received cells being corresponding to said path 

17 information, are related to each other on the basis of said 

18 management information from said receive control section 

19 (21c) and operable of assembling the received cells with 

20 respect to one variable -length message to output and 

21 outputting second readout information; and 

22 a memory control section (21e) operable of controlling 

23 the readout to said memory ( 22 ) on the basis of said management 

24 information from said received message assembling section 

25 (21b) and said second readout information from said receive 

26 control section. 
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ABSTRACT 

In multi-connections, a message writing apparatus is 
provided. This message writing apparatus (21) comprises a 
5 path recognizing section (21a) # a received message assembling 
section (21b), a receive control section (21c), an arbitrating 
section (2 Id) and an external memory control section (21e) . 
When a received ATM cell is written/readout in/from a receiving 
buffer, it is written/read out in a memory area corresponding 
10 to each path, which enables the processing of AAL5 messages 
from a plurality of paths and improves the transfer processing 
capability, thereby leading to realizing a shortening of the 
data transfer time. 
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20 010 (b) C P U«* 2oBOt^tt*flj LfcftoR1(0 y € y W(Q 

^^0-eab^o 

010 (c) tt. C P Ui< 4 o gat;^i^|ii L fcto^io^ -J IS© 

01 0 (d) (i, ^ttLMaftoytyttiKoiiaHTf**, 
25 ail (a) tt, a'7 1 O lSgoy y t-i?<0 lHot^Sf Lfc^O 
• * * »J tl«El^/7t Ell?* 5 o 

HI 1 (b) tt, ^lOl§g0^ yt -v;O2#@O-i 2 ;^ffL/;^o 

011 (Oil, ^lOlSiO^t-^fto^gLfc^^ 



l l 



®l 1 (d) 14, ^ 1C 2# B «^t.^ lticmtfLfcI|c 
01 1 (e) it. ^102I|oy,t-^ JfSfl)mMLfc ^ 

01 1 (f) tt, /«M(DJiB 0 y, t -j, 0 , H(DmMLfclJo 
»J 0®EH£^f 0Tr&5 o 

012 (a) 14, '«*l©2»B©*»*-*©4»B©***MrLfcW© 
10 mi2 ( b ) it. ^lOitBW,*.?^,!^^ 

012 (c)ttw<M(D2*| C ^t- ?(Dt||wgjtLfcIfo ^ 

y ffi«E«*^f 0-e& 5 o 
012 (d) (4, ^lfll|B W , t -j, cl|gMWMLfc||([) 

012 (e) 14. ^losiao^t-j,^^^^^ 
**U«ttE«*ift-J-HT?*S. 

012 (f) io 8 fio^ , t - ?o»nt LfcHoy * 

20 0i3 (D^^ieifgw,*.^^^^^ 

013 ( b ) it, cpncitao^t.^^j^^ 

013 ( C ) 14, ^lOSIIO^t-^ng^^^ 

013 (d) {4. ^10 5 f gO /,t-^2igotmtL^ 
013 (e) (4, CPU^JtBO^t-^^^^.j^ 



1 2 



HI 1 3 (f) (i, /^l©5ii©> y ;U*3fcflrLfcB#0 ^ * 

II 1 4 (a) f±> 1 CD 6 Sloy y -fe-^CD 1 $ @ CD L fcB^CD 

5 il 4 (b) li, A'7106Sgo> y -fe-^co 2 §BcD-tr;l,£g{f L*:B#cd 

El 4 (c) fi. /n°X 1 <D 6 §g®^ y 4r-i?CD 3 # g CD -fe ^£g{f L H$<D 

SI 4 (d) tt % CPU^3S@®y yfe-S?*»*aj Lfc«(0>tU 
10 «^^-#-ElT-*So 

SI 4 (e) f± x /n'x 1 O 6 #S©^ y-fe-v?© 4 fgOt;l/^f Lfcl^O 

u ti^ies^-t-s-e&So 

15 015 (a) tt x 1 #gCDp< y-l?-i?CD-fe;l/§-^ 2 CD-tr g j^^frfc 0 

^ e m © m m m m & ^ -t m -v & z „ 

015 (b) tt x 1 SgO^ y-k-^##£&*ftfcl§©®iaigg;£^EI-C" 

SI 5 (c) tt, 2 Sgo^ tL/rl^cD0i«BBM*^-rST- 
20 ab^o 

SI 5 (d) « % 3»B©^ y-fe-s;*<»gi&*nfcii*©ffi«Ell*^H-c 

SI 5 (e) tt % -4SlO/yt-i>*<f|i4tnfc^(0«|*EI*^tBnf 

25 S15 (f) (i N 5#@©^ y -fe-i?^*g^^ n ^l^©^iBg^^^-S-e 

SI 6 (a) {± x »*aj^mofiS«E«*^-riai?*-5o 

SI 6 (b) iu 2 #g©^ **-2>*<tt*fcH3ftfc«©ffittEK&gr^H-e 



1 3 



HI 6 (c) (4, 4f@o> **-*#K*fl3ftfcl»©*i*EB*;S*H^ 
Ell 6 (d) 14, 9fgO^ 7 t-v>^Tf|iitn5fg0^,t-i?A<i 

5 Ell 6 (e) (4, 1 0*BO^ y *-s;*Tf*Sii*nA:ll*Tf*^r, Ht)© 
^*®«^Sm-fe;U*<»*i&J6 5»^o«|i«E«*^f HT?**„ 
H16 (f) (4, 1 l*lO^»*-?««Lfcl(fOi*EI*stHT?* 

So 

EI 1 7 (4, #ifci!B©-^Jimttic«-5. ff^lOi!i^^^t7n-^t- h 
10 T?&£ 0 

01 8(4, *^B^O-^jfi^|8(C^S. »»77^||^fcSfiftl07D- 

+ - h-e&So 

El 9(4, #fgBJ§©-^SgJggg(C^£ N »*7 7^*iH,^*ffJftI07D- 
+ - hT?&5o 

15 EI 2 0(4, **91<Z>-*Jfc&ttlcfllS % IMi75/*jHifc5ll*I07D- 

H2 1(4, ATM-P0N->7;fAOM^tg|t^5 0 
EI 2 2 (a) (4T«7 150MbpsO7 b - AJUjfcfcjj^BI'T?* Z> o 
EI22 (b) ii±*)i5 0MbpsO7 is - J*mi&*7fiirm-z & Z> o 
20 02 3(i, ^*OOAM- I FSUCT-o^it-^S, 

EI 2 4 (4, Vt$:<Dg:m-te J\s(Dm.3L-Z:mm<D7 a -5^ + - h>-e&&o 
H2 5 (4, ATMHr;l/§f^bAAL 5 * v Hr- ^ffl&r *T?0«E*i*^f-« 
5£EJ-e& -So 

El 2 6(4, ATMHr;l/S^IKr(Cx 5fc-fe7W*ftmf 3»^©8teft*^*-«55;EI 
25 -e^So 

H2 7(4, ONU©i^±lf «>-y >x^^^-EI7?*So 
8J! * HJS-r -5 A: J6 © © jgftg 

1 4 



mat, atm-pons/^^a<d«j5r*^ht?**. 

Z(DM 1 IwTtATM- P ON->XfA 8 14. 0JJ X. - t*X * Iftfc-fr - fcf 

**«ttL3*->*T-A-c*,T^ ^--tf^^ng ONUfM Oi, ODN 
1 1 ATM-^DAtiH«ii 1 2 SDHS#^lgI 1 6 Jl 
5 -n3i,DCN14i,OPSl 5 4t*ttit*«*ftTV»*. 

ONUHl 0 (i. 0J*.tf6 4§OONU#l-#64^^,£t) % 
*LT. #ONUtii--y«|*»Ortoa»© J L--ifJB5|5K:»||Sn. 
IffcATMfHlCJKg-*-* fcOT'ibS, $^>{c. ODNllli, ONUSlO^S 
10 ATM-^SnA#^l§^^§l 2lcft*S#fc©ATM-PON-fe**ll#$HW£ 
St5ii ^ l: ^ ATM-3I6JPA**»««I1 2^6ONU«1.0 left* 5 # 
fiI©ATM-P0N-b^«S*«fco^ 4 , COATM-PONt 
ATMHr;HcpoNfflO»jgiJ«|R^Jnsnfc-fe^T?*e) % pjTogia| 

15 ^LT, ATM-3tJnA#«*«|««l 2 ONUifl 0 ©ftjn A# <!: . S 

CtUCj;i9. ^jx.|f6 4£©ONU# 1 ~# 6 4(4. *«lC^S-j|fta.--!f 

20 ODN 1 1 KfcH^T. *0DU*£igto3ft;fcATM-P0N*;l/*<lS#«#M 
3 ft* *©^*J^fi*n^a»O-b;l/3&<ATM-3fej0A#»»ttSSlI 1 2ICA 

^ 2|i > *55W© — ^JfcJ&lS*c#SODN 1 1 ic&tf* ATM-ir;U©E$#iiJ£. 
WSOMf*5, :O02l^tODNllC^Ltv ONUIflOlC* 
15 « O N U # 1 ^ 1 0«t*f t « A T M"b;watil $ n, ONU#2fr& 

1 ll:fc^r> Bfr#SiJ£*S*iT, A TM-:M£JnA#iRfcJS&gB 1 2icA;>j£ti 
5 cfc o ictt oT^So fc*S. n©Mi4. 0IJ;it4*6 4T"*5o 

1 5 



ATM- m t8»*iSI 12iONUBloi ^ ' 

NU Sl 0DN 

**. ATM-ttAt»^Il 2t8iU MBSMSDHim 

«n f)J®F/\ XJCJ;^^ ODN1 1 -75;Se:^ A- * ^ 

, DN1 l«»*n, ATM-^Ati^gH 2 

■ iK**ATu-**, A#IWMMIB11 , t% ATMMiATM . 

PONt* iffl7t - 7 , hmfJs . p()N _ iFsi!bi( 

so r«> , b*. 6a ,*»n« as «„- > ^^^ > ^ AT1| _ 8wi 2 e 

'f.^Oi^SiTI^nT^. * fc , OAM-IF«2 0«. ATM 



1 6 



M-P 0N-fe;H2. ODN 1 llct, mftm&MZtl^ *LT, PON-IFSU 

1 2 blCT. ATM-PONtyTO^bATMHr^lciiJ^ ATM- 
SW1 2 ctCT\ X^ y f>/$tlt, OAM - I FSB 2 0{dA#§ft£„ 

-e. OAM — I FdP2 O-eii, MoifUA'X^^I^^toATM-fe^ 
5 {Co^T^ Zft?tlg:mmiL-Cfrfttet>tlT. itOAAL 5 * -yt-^tLt, 
-K, ft®/**) 2 2{d»^iA^tlSo *LT. M©AAL5^yt-i?(^ 
ATM-IFi$12d£^LT. SDHl^fgH 6 * t,^th $ ft. 
SDHS#^igH 6^6fia*nT*fcATM-b^ti. ATM- I F*i 

2 dT-**0Jfc^&a<tt;gc*l-C. ATM-SW1 2 cKT, * > ^ £ ft 
10 Tx PON- I FSffl 2 bj&>£to#3ft5J;-5tCfcoTl>So 

EI 3 fi^ :fc§£BJ§© — ^5&B^ic#5 % OAM - I F SB 2 0O7d 7 *En?&So 
C©E13 i:/7tOAM- I FSB 2 0 t±. A T M-fe^j&BSlTSB 2 1 £> ^g&y^-y 

^^{c, ATM-fe;U«S3£TSP2 lfcU tlUB©#Sfc |CT2I**S«#© A 

20 Igf§feS|5 2 1 a. vfe-S?*&&T8P2 1 b, 3£{&f|ijft]2|5 (^{fr^ U r 

*-SP) 2 1 c, mW^2 1 d, *aM*U fflmW2 l e^-e/Util^tlT 

C©'*XB»«2 lali, AAL5> * -fe - i? L T $ ft*: -b 

25 fftt 5 >**««&*©§{» Hz ;U**g£f § 0 

1 ctt. /<xBtt«2 1 a*'&tta*ft*'<**Wlc»j&LT. 
*«M*U 2 2 lc»§iitTBR©»Sii*jefi[*##L. «#&*0^©*§f£ £ 
A AL 5 ^ »t-i;ot*ii*fl[IiStgtnfct^«[itfH»«4 LTttS^J 
L9Sfc©-e*5 0 C©gfl$ij^g|$2 1 cfcU '<*B»a&2 1 afrZtiitl 

1 7 



*ft*,<*««IC*h6LT, 2 2*&B*tfj*B©B*ttJU«fc*tt 

*;u£*<h£iif stiffs £ LraiaL 5 

«*u*>L*«to-c*«. ^ **-s>b*t*2 i bB. sbbb 

SP2 1 cKoflHiia^ K*HJL**©***& 

*«jt«Ufflfttt2 1 ett. §f> »*-S>B*T*2 1 b*&<Dft 2 
**&*fl»«£SffBft«2 1 c *b**»J 2 2^© 

gU2 i cfrtxDwmmntizzio, 2 2*mdb*ibl*b»l*s* 

or-* So 

^#gi52 1 dtt. BllCfcHT. OAM- I FS&2 0^, SEMF- 
20 I F 1 2 i*6 3 T>K*«ft«^l >*r±. 2 2 -lex. * , 

25 tt*ft*;tf i o 0 Ott&ftSffBA&BBU **i£Lt*&. "ftl&fiHiE L T> 
tf>b SffcRiR*-* «fc ^ KLT^S. 

Cft&fcJ:iK /^BIV2 1 a. SflM * * - i^fifiTW 2 lb, 3ft ft* 
SP2 1 c. ^B^«Ufl«p«2 i e^filLT, A A L 5 > » * - ?B*tb L ffl 
... ©**';tKU*BBHB&Lt«BU fro, AAL5^*-^ L ffl 



1 8 



;U (T KU^f-y;^) 2 3 <h. > »;t->?BOX y-fe-S?BOXffi 

C ti ic J: |9 > ^ y -fe-^B OX 2 4 fc{i. r 3 -eKjesn 

-©0 4 icyjkir J: o jc. T KUXf- ZfJV 2 3 (i. ArvfTvfWX 
(L±ftL*:«*) <h. (Kx ttfLfc**) ttttfMRfltt 

2 (K, £f*Lfc««) i^fett*. 

20 :O^^7^0«Lli, *^7^ffl«-/<xi (L, &{*Lfc**) . 
;bn^®«-^2 (L, £f*Lfc««) , ;1/^7^®«-a'7 
n (L„ £#Lfc«S«) fr&tttK C*l£©;l,„ ^Ty y«*L, , L, , 
L n ©*ft-efta<£^XSlcH]^Tt>ftT^5 0 
tfz^ m-Mlzte^ fry trrvrmmLi ii % Sim* vb-i?M&~cmifeT 

25 Xi, f*-i;fiS:Tfl|«t-fX4, PATHEN, CRC-INH, L 

ENGTH-INH. AALTYPO§77/t*y h flfcfiltt £ 

«&tlT^«. CiDPATHENtis *©'<*lco<,*T©£<E-fe;U£ffl£T** 
5**Rjr*-*ffl*Tr*tK CRC-INHfcU CRCf x^Oijhlco^t, 

■rs • Ltt^*»je-r«««-e*e)^ length-inhi^ > y -t?-s?gK 



1 9 



o^T©ttffi«*7?* 5 „ A A L T Y P tortf-fr— •> 3 > U 4 ^ V>m%\\*m.7K 
*LT. fi£f|g»«*K, tt. tt&fHKffttl 1 (K M i#Lfc« 

^°x n (k,-„ tntitmw ^64^ *ti^n*<^x§icait)^T&nT 

Xt. 5tm* »*-^4THJ67 KU7i, CRC**tt»|gj|l4<**asft 
PATHEN, CRC-INH, LENGTH — I NH, AALTY 
10 P, FIFOPTYERR, C E L L C O N T ®& 7 =y >? tf„ b g ft* 
^ilcEttJ^ntUSo ^HPATHEN, CRC-INH, LENGT 
H-INH, AALTYPli, Jiifc L t> © £ H-tt Mfc -5 I&HJ!£^irB^&1^ 

So F I FOPTYERRIi, /<'Jf -f f x^»J||Cif 

*l=oV*T©ttfffi&«^*-*ffi*-e*»K CELLCONTIi, -fe )\, & \z 13 f- £ 

*) . IIiftIM2-/^'2 (K,-, if*L^«g«) , iiaaiffclllffi* 2 - 
'<Xn (K,- n £fitLfc0«) fr&fttK Ztl^tifr&s* xmicm K> £ tiT 

25 «Sl>T, ^t-v?BOX2 4 (i. >y*-SMfe1A«tt (Si i^Lfcffi 
«) . ^ yt-J?2ftijfi« (S, t#L^®^) . J vfe-S*ntettffi« 
(S „ i#Lfc«) S»tt£„ ^ y -fe- v> 1 ttffifigtto&ffltt^ h 

S^t-tr;HIU:ilc|EtU^>nT^So v * - 2 ttlfiflltt. y. y -ir-^ 

2 o 



£&*L?£t>©T-fc-oT. »-b-^ttltT*2 1 bi, *SM*U*i|» 

$21ei, CPU25i, *«**U 2 2 & **tt*.T«*3*iT^*. 
::t '> »*-f«lT«2 1 bfcU AAL 5^ y-fe-5**#S|L*Hr 

10 K »fffaiL v T^ii6Lt^*. :oM^t-j;ajT»2ib 

(4. 7KU7f-y*2 3*^4iTl>5 0 fLT, T KUXr- 7* J]/ 2 3 |C (i > 

15 mm&mg&iSiti'c^z. 

£ t>K. «U«|p«:2 .1 e {4. *Hr-5*|I£T* 2 1 b ICTg** 

*n*:M*^fco^r©/'CxllM|*aiBL. fticttftj-s A A L 5 y y 

-b-^©*#$ «fc*) fe^H^^U £S«£i!l OUSTS *>©"?**>> * y-fe-^ft 
M^TMHTMLTl^. ^Lr, :®^sy«>jM««2 1 e fcu 
20 El 4 {C^L^J; 3 ttrtfM * U 2 2^ 7 K.U^f-^2 3 y t-i?B 0 

25 l=§ii*feg<t^$nyt-b;bifei*<5^{ciaa#^t»n/rT Kl/x^-*yU2 
3 t LT*«* 2 2 iclfttf * fcOt*S 9 ^ y -b - S?«t1ft«*ft£¥ 

©f4s Ste-b*** *-b-S*i|iffl:-eK*ajL 5 **:&©,* >y-b-i?BOX24£ 
**>*U 2 2fctttt*fc©T?** - ^^r. 7KU7f-7;b2 3(4. *2M 
«UMft«2 1 eKT«»)aT6nA:y*U«*teatflrHr^*#*iitf|R|C. S 

2 1 



§a*Iffil:o^Tli, *©ffe©##©#&;&<&.5^\ *niCo^T(i, ft^t 
5. 

CPU 2 5 1*. 7Kl/7f-^2 3 K $ tl^b* * &*«ftic 

10 ^5, 

CtWCfctK * ■fe-^«ia[T»2 1 b tt, H 5 iC7iki-±?t£,*x i , ,< 

^ 202IiOATMt;«it5i % v *-^fi^r*2 1 b tt. C 

15 Tl^, T KU7f-^2 3 IcfcU 1 fc**LTM\ »£&*i3Ug 

©T *»&*««©*« 3 (16Kbyte), (101) £15 

3*U A'7 2I^Ltli, t*ii*ffi«©7KU7, »£&*M*i!<©*:£$ (1 
6Kbyte) , 4? ;Ugfc (41) £f2£ft x 3 I^Ltli, «§ii£.®iiS© 
T KUX, »*&*«!«©;*:££ (16Kbyte), -tr yUHfe ( 0 fl) tfESft 

-So 

H6tt. S«/<y7rffi«*<Rr«WK:«Da-r6tl5Srfe©»i!8ig-c t *-5o C 
OB6fcS«ll^ **-5>«ifcT*2 1 b(i> /n-X 1, ;<X2021|OAT 
Mt;l/^ft5i, '^1, /N'x 2 KiStT. *SM*y 2 2rtic % njfgftic 
25 «*&*ffl**fflOi!j-c*J:Sicfc-,-c^S. «*t*. T KU7f-^2 3 tc 
1^ ^^li:^LTI±^ fiMi^OTKux, *£&<?>-£Ui&©;*:g £ (4 8 
Kbyte), -fe;Hk (101) £fS£*K /<X 2 left L TfcU 
7 »£&*£IiiS©;*:t £ (16Kbyte), (41) <hiE£*U 

3 K^LTIi, t*ii*fil«©7 KUX, »t&*0«©*3$ (OKby 



te) , -fe;U£fc (0 1) £ IB £ *l 6 © £ 0 C C T" > ^yfe-vBOX2 4 

5 &ic. :nt.7FL/Xf-^2 3(!:^7t-i?B0X2 4iCPUi^ffl^ 
SI 7 ti^ ifcfgBjl© — ^JS^HJC^S^ AAL 5 y y -fe- ^ ®» § 
TgP2 1 bi^SMty 2 2 iKftftSntl^. * y 2 2|±, 

T^2 lbtt, 7KUXf-^2 3^tt5, 

^^❖tti L^2j<:#?tij£ftS CPU 2 5 ^*tb^g^ y-fe-5?j&<*gfc 

15 t^t, >f n — Kr-^^x ^-;7 7 ®| (EI 4 #J8) ^b^tBStlS, 
* LT. *©y y -fe-SHco^T* C PU 2 5 14. Bfc*£| L*<3S7lfcCi*« 

08(4. *»W©-^ffi^ttlC««. AAL 5^ yb-i>0»20»§ii*J 
y;U2 3ri*. gfc,* vfe-S?«aiiT«2 1 brtt?titt< x fl.«jC*ij 2 2?3icf£ 

*LT. CPU25I4, »"b-S?«a:T«2 1 b£*«M*y 2 2ii: 

fttfcS*lT^£ 0 ^SM^-'J 2 2 |±, 7 Kl/Xf-7';l/2 3 £ ^ yte-i? 

25 BOX2 4 i^/<.;7 7 ®SiHU ttft®>( **»LTI,^. 

C*UC«fc»K «y *y 2 2^b. 0J*J4*/n- K^xTWi&0«fc-5«5«^ y 
-fe— S?«5*HJ L£#*<aiaft5£. C P U 2 5 Kfcl^T. M*tfc-r^£ ^ y-fe- 
*IT^£> €'J«CD3fel7 KbX*<, T KUXf-7';L'2 3 ^ & 
§t'<7 7rW^^^o-Ff-^^(lj^5, *LT, 



2 3 



*oy,t-i>Ko^ CPU 2 5tt. K*ttL*<*TLfcCi*a^*fc 

09 (a) ~ (d) *£&*JK«fc*ffl^fct**mL#*fc*» 

10 ©09 (a)-|S»t^«y«U 2 2(DM^ Sft/< 9 7 7 M« (B4M) K 
fiSU WitfTKU^AA, BB. CC©«k-3lcKi0&nT<,*So ttfcs 819 
(a) ~^9 (d) lc*V*T*>. mm\z^ St«/<,77f**8LTl^. 
-€-LT> 7Kl/XAA^^7KUXBB0i®|i, '^fi«l t UTMOST 

15 T&tLT^*. $ C©A'^il|;|i, ^ y-fe-S? (1-1) , ^ 

s> (i-2) , ^ (i- 3) ©8aijH©*^*«#*a*n*iti>K, 

SUWR^fttoJ. flMfclCs /<x«*2 fctt. ^ (2-1) CD 

0 9 (b) « % C PU 2 5*<loBOHr/U*tt*ttJtfcH:©ttll©^*Uffi* 
20 (a) ;( (1 - 1) ^iBStlT, C© 

0 9(b) iC^-T J: 9 *(D* y-b-s; (l-l) *<tiii*nT^fcffi«i< x 

09 (c) fcU CPU2 5a<2oa©-fe^£^*ftLfc&©:t£S©^;eU ffitt 
©HABI-C**. > y-fe-S? (1-2) *tt*tfi*tifc|ft-J|U <£©> v*-5> 
25 (1-2) #M&sTftT^fc««(d\ £SSI«4tt*. 

09 (d) tt s CPU2.5*<3oa©-b7i/*j|*ttjLA:«©tttt©y*UffiJK 
0 **>'**« * »*-5> (1-3) *K*tt3n*:JSjRU ^©^ 

d-3) nri,^«*ii, £S«*4tt»K r kuxa aj&^t k 

2 4 



Ell 0 (a) - (d) Srffl^T, teM7 5rT'WiS&*mtt.ZttJ*Lt: 

C©01 0 (a) ^\ H9 (a) ~ ( d ) t*tt*«Srtt % M/<y7 7 |«0, 
5 S«*;HC. (K) i^M«77/ (77») *<ft#SnT^«. * 

tr. cpu 2 :ofti77/ofi^^ K^im^ta t^tt^n^-fe^ 

5©-e&£„ * LTx 1 icwu ^ y Hr-s; ( 1 - 1 ) ~^ y-fe-i? ( i 

10 So ^^€S^2 {c« x ^ y -fe-s; (2 - l) cd^ y -fe--^*<**ii*n« 

SI 0 (b) t±. CPU2 5^2og©-fe^^gg^aiL^mo^SScD^tU0 

« ©assign?* cpu25a,Bio ( a ) y j? ( 1 - 2 ) © 

15 (1-2) *<»*a4nti.^*«^ ^#^^i^s„ 

010 (c) t±. C PU 2 5 A*4oa©-fe;l,*R*ajLyS:a©««8©^*Uffi 
«©«^BlT?**. CPU2 5tt % 010 (a) JC^-T^ y ( 1 - 4 ) O 

(i-4) *<»*>&*nr^A:«*tt. 2»*««ttt«„ 

20 01 o (d) M^ttLMft©y«yffitt<DB£H'?&S. L#ig 

C©«k CPU 2 5^\ M77^MLt % tt*tfJLarlf*«^S*x 

«k-5lCtt*OT?**o ^X*5x C©tett7 5?*©»$>&*£ft*HJ L©3 ^{C^Jffl 
25 tt^ffett, 01 5 (a) - (f) £ x 01 6 (a) ~ (f) i*ffl^atS. 
* fc >HH < a ) ~ C f ) . 0 12 ( a ) ~ ( f ) , 0 13 ( a ) ~ ( f ) , 
014 (a)-(f), 015 (a)-(f) *ffll*T. **•;«*©»*£*. 

011 (a) 14, '^l©l*@o^yfe-s?©isgot;l/4S^Lfc«fO 
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(1 0-fc;b#) *fc. S^A'^^ATMt;U:outii, 2 

ftflttK. (H4#jR) 7rM7 K U X=(0000)Hex£ , 

*7r***-f X«(0000)Hex&. * > hJfc-(0)Dec ii<i^^t, * 

10 It;^®^^^ n5o Hex ttl 6jBJRj ^ ^ q 

(S4#I) *<tt*i&*n. 7 7&mT Kl/X=(0000)Hex, 

r famvj x=(oiEo)Hex^^*tfi £ o 
is ut, «£^m« Ki 7 T ^mr ku*=(oooo)h 

ex. ««^»7r*«*-rX-(01E0)Hex. Hr ** * > Mfe=(l)Deci ft 3 . 

*^t. «£*x««k. **jK*a*nx-. mm&&*<?rKt>ti. mm u * 

*-i?mm =(0)Dec , A',7r7Kl/7 =(0000)Hex, ££fi 

(**JUft) =(0)Dec, A' 7 7r7Kl/X (*>MMS0 =(0000)Hex, ^1x5- 
20 7*^-<0>Bin*t*&ft*. C Cf, Bintt 2 

a* -jr-b-y^fii) =(480)Dec, /<»7r7Kl/7 Ovb-^ffi) =(00 
00)Hex, mm (-fe^JUffi) =(432)Dec, /<,7r7Kl/7 C**JR<ft) =(0030)H 
ex. Six7-7 7^=(0)Bin^{|t»n5Ot^5o 
25 cniCJ:^ 7KUxf-7-^2 3 ^\ ^Ui?^^0l^i> *H?-*JRtt 

^^^•^tt^^SS^S^S (ffliM^K,., . Km . K,-„ ) 

^Uti^:iicys5 c t^^r> 7Ki/7f-7;i/2 3^\ 7 5rmm* 



Wilk^WL (ttiftiWK,., , K 2 _, , K... ) HUt^Cilc/i 

6 o fc. C ft £ ©5fcsS Uv?X^(ix^-M/i;7^4 0 a, 4 ObiLt, * 
^ ^ ?Hr-f«tt«^ ^t-?BOXI/j;x^ Ua, 4 1b, 4 1 
c t L T> ^iS-r-So 

KSo'^T. p^y-tr- v^i^&Sft* ($3^777) o 

^^ T ^ BI 1 1 (b) li N 1 O 1 Sg0^ y-fe-i?CD 2 §g©-fe;l/£Sfg 

. frttfcn*. **\ ttttflOKftttKi *«'<»7r*«7KU7-(0000)H 
20 ex, 7 r***-f X-(ME0)Hex, * > h *^l)Dec #**»*tl 

OOHex, 7 rffl**-f X-(01E0)Hex. 4? -7 > h &=(2)Dec &tt* 0 

25 Si =(480)Dec, /<y7r7Kl/7 (^«y-fe-^^ 

&) =(0000)Hex, Si (-tr;H|i&) =(432)Dec, /<*7rTKl>* 
=(0030)Hex, Sii7-77^=(0)Bini4^o 

g§S (yy-b-^^ffi) =(480)Dec, /<,7r7KI/X C^-y-fe-^ 
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mm =(0000)Hex, mm C-bJimm =(384)Dec, /<,7r7Kl/7 
m =(0060)Hex, Sli7-7 7^=(0)Bini^5 o 

«i s ij ic * a £ fr * * © -e * -5 o 

io it-, ^*u««*w»ic?gfflT?g, PCBoflisaiiiSMai^mM^n. cn>r 

15 -So 

SI 1 1 (c)l±> A'xioi S@©^ *-fe--S>©*te-fe;U*§fcLfcBSr<D p< 

£&3i:f£i££SiS&Kt 7 rSfcgST KUX = (0000)Hex, 

v7T«l«*^X=(01E0)Hex. -t?;l,77?> M&=(2)Dec *<«*i&£ttSo 
20 tt;fcf|Ufcffi«Ki ©»*i&**<ttacn. ^,7 7 3fei7K^ = (00 

00)Hex, 7r««iH'X=(01B0)Hex©**, Hr «7 > h 2* = (0)Dec <c 

*>"fe* SS (^yfe-J?#ffi) =(480)Dec, A' 7 7r7Fl/7 
25 tt) =(0000)Hex, (Hr =(384)Dec, /<»7r7KU7 (-fe;U*ffi) 

=(0060)Hex, ^Ix 7 -77^(0)Bini^5o 

ttttftx Si OyHr — s;*fl[) =(336)Dec, /<y777Kl/7 5* 
¥fii) =(0090)Hex, Si (-b^*(fl[) =(336)Dec, ;<»7 7 7Fl/7 
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ffi) =(0090)Hex, ^iX7-77^=(0)Bini^5 6 

■fe^ ^fi^-^S=(144)Dec. '< y 7 y $tM.T K U X =(0000)Hex. -tr /U # *7 > h 
£fc=(3)Dec *<*S&*ftS 0 

SI 1 (d) fcU A'xi®2§@o^t-i?©i §B©-tr;U£^fiL*:B#© 

WT Kl/*«(0000)Hex. y 7 r X=(01E0)Hex. -fe ;U*7 > h tfc= 

10 (0)Dec*<^<?>.ii*tlSo 

M'<»7r*l7 KUX=(0000)Hex, * 7 T **** X-(01E0)Hex± tt 

*LT. MM^K, *<»*a*ti % S^S7r3feS7Kl/7=(0000)H 
15 ex, M'<y "7r^-9-^X=(01E0)Hex. -fe >7 > h & = (l)Dec£ /«£ £ 0 

S^T\ 0iM«K, #K*&*ftT. M (^t-m) =(336)De 
c . '^7r7Fl/7 =(0090)Hex, g£fi =(336) 

Dec, ^y7r7KUX (-feyMMft) =(0090)Hex, Sfix^ - 7 5 ;/=(0)Bin£ 
9 So 

20 $£{c x fittfMMUftK. #Mi&*n. £SS y *-5>JHtt).-(886)Dec , 
y 7 t T K U X (^yb-^flr) =(0090)Hex, (-fe^ffi) =(288)Dec, 

;< " 7r7|f ^ C*A.Jnitt) =(00C0)Hex, Six ^ - 7 7 ^=(0)Bin<t * 5 .' 

Mi 1 (e ) (i, A-7lO21i0^.;t-<;02 SgOt;|/^§f LfcH® 
^*Uffi«Ea*^-rBlT?*t). 01 1 ( f ) iU A'xi(D2igoy y-fe-5> 

* 1 ten Lx(Dmimi)<nt£t>ti?> 0 

tttfc ^HH (e) T% «Af^lRffi«Ki 3flr><» 7r5fc*T K 1/ 

X = (0000)Hex, -7 Tffi&V<< X=(01E0)Hex. -ir «7 > h »=(l)Dec ;&< 

Sg^iA^n. »:fcfls*ffiJ*Ki S^<y7rifea7Kl/X=(0000)Hex, 
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5«'<*7rffitt*-fX-(01E0)Hex. * -7 > MK-(2)Dec <fc»£iA£fts 0 
«^T, tt&fMMRttK, gift <*y.fe-5>JHtt) =(336)Dec, /<*7 t7 
KL/X (yy-b-y^ffi) =(0090)Hex, Si (-t?;Ui£fe) =(288)Dec, /* * 7 T 
TKl/X (-b;U*ffi) =(00C0)Hex, - 7 7 ^-(0)Binitt*i&4 tl*. 

5 ftbid. «aarf^*««K. fcU Si =(336)Dec, /<*7 T T 

Kl/X (^v-fe-s;*tt) =(0090)Hex, =(240)Dec, /< * 7 T 

TKl/* =(OOFO)Hex, Six * - 7 7 7*=(0)Bin£ « ft a* n -5 . 

^ il:Lt ^ 1 CO /<* 1 fcHLTOfcSjWrfcfcftS. 

*I:fcffc*««Ki SAT'* 9 7rM7 KUX=(0000)Hex, Sj|/N' 77 

10 r X=(01E0)Hex. -fed,* 7 > h &=(3)Dec 113:^ 

gftttK* S«/<v 7 r5fe!7 KUX = (0000) Hex. 5«/<»7rfi«f-fX 
=(01E0)Hex, h£fc=(3)Dec *iSo *1>T, tt£flr*«ttK 

. Si yfe-S>$Lflfc) =(336)Dec, y 7r7 KbX 
ffi) =(0090)Hex. Si t**mm =(240)Dec, /<77r7Kl/7 (-fe;H|i&) 
15 =(00F0)Hex, Six? - 7 7 ^-(O)Bint ft&IC* 

Ka « x Si (y?t-J?|fi) =(336)Dec, /<y7 7 7Kl/7 (jty-b-S?* 
(fit) =(0090)Hex, Si =(192)Dec, a',7 7 7KI/X (-tr;H|i&) 

=(0120)Hex, j8ii 7 -77^(0)Bini:ttii**lS. 

fiflUfcffittKi if/<» 7 r*J*7 Kl/*=(00(jO)Hex, g«^?7 7lS« 

tf-fX»(01B0)Hex. -fe;b7>7> hgfr=(3)Dec *<tt*j&**u Jfilfcf^*«« 
K, tfi* 7 rA®7 KUX = (0000) Hex. 5flf/<y 7 rffi«t^X=(01E 

0)Hex , -b;l/77 7> Mt=(4)Dec <>: « £ *i S 0 tt^T, fiiftj|fi«K, 
25 Si (y*-fe-S>*&) = (336)Dec, ^7 7 7Kl/7 (;<9-tr-?#tt) =(00 
90)Hex. Si (-b^JUtt) =(192)Dec, /<»7 7 7KU7 =(0120)H 
ex, a«i7-77^ = (0)Bini^^,iA^tl5o ft & K , tt. 

Si y-b-^^fir) =(336)Dec, /< 9 7 7 7Fl/7 (^y-Jr-v^ffi) =(00 
90)Hex, Si (-fr;H|£ft) = (l44)Dec, /<77 7 7K^ =(0150)H 



ex, Sii5-7 v ^ = (0)Bin£»£iA£tl'5o 

mi 2 (b) fcU ^102||0> y-ir-i?© 5 S g CD-tr;l/^g{f L ^B#© 

7 rSfciOfT KL/X=(0000)Hex, f S'<y 7 7 ffi«t-fX 
5 =(01E0)Hex, -7 > h &=(4)Dec ti. fclc, tt&ftHtffittKt 

Sm'<y7T5feaT KUX-(0000)Hex. -y 7 7 X=(01E0)Hex. -t? 

***>h*«(5)Dec twtiitnso tt^r. ttttftSflratK. a* 

y-fe-y^tt) =(336) Dec, ^»;7 7 7Kl/X (^y-b-y*tt) =(0090)Hex, 
a» (H?;b#fi[) =(144)Dec, /^7r7Kl/X (-fe;U^fir) = (0150)Hex, a* 
10 X7-75^=(0)Bin<!:i^ttl5. S £ ic. ta&fMtfl|*K. 

=(336)Dec, /<»7 7 7KV^ C^vfe-yJjUfc) =(0090)Hex, 

mm ^jimm =(96)De C , '<?7 r r risx c^jimm =(oi8o)Hex, mm 

K, Si^'y 7 rSfcgBT KUX = (0000) Hex, y 7 ? -f X=(01 

E0)Hex, -tr;l/#*> htt=(5)Dec *<tt*fc£n, Jffiif^^^^Kx $ 

7r5fe^T K U X=(0000)Hex, Sf^* „ 7 r «**-f X=(01E0)Hex, * JV 

h£fc=(o)Dec <h*§ii^n5o ::t\ *Jiij*>b&&o 

20 T^5 0 m.T. tt£ft*«4*K a £££ (^ yfe-i>J|ifc) =(336)Dec, /< 
" ;777F ^ y*-.*J*m =(0090)Hex, mm C^Jimm =(96)Dec , 
/<5,7t7I? ^ =(0180)Hex, Mx^-T^-OOBiiiitt** 

£ft* 0 tt£fMt«*K, tt. a* (*»*-5>JHtt) =(48)Dec , /< 

,777|f ^ =(01B0)Hex, (-tr;U^&) =(48)Dec , 

25 '<»7r7Kl/X =(01B0)Hex, gfx 7 - 7 7 **=(0)Bin£ * § & 

2 (c) Ofeii^TLfc^O, >7ir-i?BOX24rtOfi 
&**3«MS«. &©J;-5ictts e -rfcfrs. ^fi:r- * g= (288)Dec, s< y 7 
rftmr KbX=(0090)Hex, -fe * > h ifc=(6)Dec <hte£ 0 H 1 2 C 

3 1 



g«><y 77^17 KUx=(OOO0)Hex. g«'< y 7 T X-(01E0)Hex. -b 

;U*7:/MS:=(0)Dec #SB*&£*k Lt\ 5fcH-fe ^ftStffrttfcti-c* ;U y 

5 9 T y Zfm®fr y 7 7 $tmT K U-^=COOOO)Hex, y ~7 7 

X=(01E0)Hex£M*iA£*i3 o |E£fMMI*K, ^\ jj|/<»7 7*«7 

Kl/X=(0000)Hex, §*f'< y 7 7 ffi«*>f X=(01E0)Hex, -b;l/# 7 > bg&=(l)De 
c <x«i*i\£ft* 0 ttt,*T\ tt&flSjfcfiHftK, £&* <*y =( 48 
)Dec , /N*y7r7KUX ( * y -fe - 5; JjiflO =(01B0)Hex. S* (-b^fe) = 

10 (48)Dec, /<y7r7KU* (-fe^^fir) =(01BO)Hex, SlX7-77H0)Bi 
niH^tn^o iiM^K, (i. <>yfe-S?J|Mfc) =(4 

8)Dec , /<y7r7KUX (J y -b - =(01B0)Hex, US (-b^ft) = 

(O)Dec , '<*7 7 r Kl/x (Hr;U^fe) =(0000)Hex. iIx 7 - 7 7^-(0)Bi 

15 K*i^-*<»^Ly!:4§©*jia^tfe*jKW^S. SI 2 (e) fcU />? 

HT'^-o-c. 8ix7-i»MLfc«^o^ijfi«E|^LT^i 0 
«*^f X-(01E0>Iex, -b/l/*7 7> hifc=(l)Dec jWR*&*n* 0 

»«^y 7 r€S^-y-^7T=(01E0)Hex, -b;U#7 > h tfc=(2)Dec<!: & -5 „ 

*^T> tt&fl£*«*K, *<tt*i&*nT. £S* 7t-«^&) =(48)Dec. 

'<*7tTKI/* (*yHr-5>J*ffi) =(01B0)Hex, S* =(0)Dec, 

'<»7rTKU* (-fe/UJMfc) =(0000)Hex. Mx 7 -7 7^(0)Bini4'?), 
25 Si (tWitOittS, 

$^{C, «Slf^mffi«K, A<t*atn^ as yb-^ffi) =(48)Dec. 

'<v7r7KU* Oy-b-v^fiO =(01B0)Hex, -(O)Dec. 

'<y7 T 7KU* (**J|M&) =(0000)Hex, Six 5 - 7 7 ^=(l)Bini 5 0 

*«-fe^®»*i&*tt, frttfcnj\ MX7-77/K 1 
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mi 2 (f ) (i. a'xio3ibo^ y ^-vom^^^^^m LtzmcD* * 

5 «/<y 7T&mT Kl/*«(0000)Eex. 3fc«'< * 7 r«ttir-f X-(01B0)Hex. -fe;U 
htt=(2)Dec tt3fcff*««K. tc. y y 7 ft 

Mr Kl/X=(0000)Hex, * 7 r «^*tf-f X-(01E0)Hex. * > h£fc= 

(0)Dec£*£i**nSo »V*T\ tt&ftMtffifcK , 3^6. g§ 
fir) =(48)Dec , A*»;7r7 KU* =(01B0)Hex, ££3 C** 

10 ¥fir) =(0)Dec. '< *y 7 rT (-b;U^lflr) =(0000)Hex, 81x7-75^ 

ffi) =(48)Dec, '< y 7 7T KU7 * -fe-s;j|ttt) =(01B0)Hex, a* 
fiO =(48)Dec . '<»7r7Kl/7 (-fe^MMft) =(01BO)Hex, 7 - !7 7 ;T 

=(0)Bin<h§^&£ ft5„ ^ ? -tr- B 0 X 2 4 F*3 <Z>* § ji.&WSfi fRHU 

15 Ste^-^K-OttDec. 7 t&SST KUX=(0000)Hex, Hr ;U?7 * > b gfc=(0) 

Dec , ^»^^-37^^=(l)Bin i^CSo 

SI 2 (e) iitiSOtt, ±Jliju> f^=(2)Dec <h £ S <, 
tt&f**mK. Sic, SIX7-77^ 1 £LTK*ai 

^3 (48)Dec lc»£&*nS. 

ttfrtpx ^fl7*-*S=(0)Dec, 7 r5fcgS7 KUX =(0000) Hex. -tr/l^^V 
M8t=(0)Dec tchtJc. 81X7-77^1*<tljitn5, 5«-fe;KD 

v*-y&i)<HzjKDm&i*. lEiinc:* £jA£ft*o his (a) « % 

*t\ <ftftffc3llfiS«K, ^t,. 7 r^fesST KU*=(0000)Hex, 

v X=(01E0)Hex, -fe/l,* u > h&»(0)Dec *<Sl5*i&*n*o 



5fe ' f ' 7T * a7 P "*-(0000)H«. M«,7 7 Mt«.(OIM)te ta 
5 (OOOO)Hex . **><*? T «m + <(X.«nmBBz9>*t. ***»>«.<,),, 

8)Dec, -«»7,7F^ «>lB0,Hex, St - 

(48)Dec, '<»7 7 TK« =(0 1B 0)Hex. ««*5-„^. (0)B1 

10 niiSJ. 

■*•**)*» 81 0>, *-»*«-) =( 0 )Dec. ,«,7,7FUX W, ,*-s>* 
ffl) -<0000)Hex. = C0 )Dec. ^, r7FW = 

(OOOO)Hex . «*i*-75^-(0)Bioitta. 
15 UT, ^*-!«BOI! 4 rt e «a MIMl(| , Mft , ( 

*«*'-#'«-(48)Dec.^ y 7,* > rTKl/^-(01BO)HM, tA*^^ 

3 (b) «, cpuucisiw^-^niLttMm^ 

KUX=(0000)Hex, *^*9>h*-(8)Dec*<**ii*n*. 

?«*. Hi 3 (c) tt, ^iei»g e , 7 *- W i MeMttt 

rt««*^X=(01E0)Hex. ■> > h»-(0)Dec UT, fen 



***a#frtt*>ftT\ ***r»:/***& M ,<,, 7Tjfea7 kk*=(ooo 

0)Hex , 5flr/< y 7rffl**-fX-(01E0)HexiR*i&*n*. 

*Kt M'<»7 T *«7 Kl/*-(0000)Hex. *flt^,7r«f-f X-(01 

EO)Hex. ■b^/7^>h»-(l)Dec t9Z&ZtlZ 0 «u T . tt&fMttttK, 

5 =(o)Dec, ^7 7 7F^ C*»*-5;* tt ) =(0000 

)Hex, mm (*Jimm =C0)Dec, /<*7 T TKl/* <Hr;mtt) =(0000)flex, 
»«**-7^-<0)Bin£K*i&*ft* o $ & fi^mMK. tt. M 

=(0)Dec , /<„:7t7KI/* =(0000)Hex, 
KM (Hr^JUffi) -(O)Dec. /<»7r7Kl/7 C***tt) = (0000)Hex. M*. 

10 ^~77^=(l)Bin<i:#§^^tl5o 

013 (d) tt. /<x 1 O 5 »§<D^ , * - s;© 2 *iO**«flf Lfc^O 

*wLT^«. CO^|^ Hi 3 ( C ) £***AHU a) 
Dec HiM®«K, ©^^tfaL^SOi^lc. M^?-?? 

15 (l)BiniK*tfj*tl*. nttic^ IEiM«K, fflfi^lct 

tffrfcfcft-c. **\ li^i^K, *fl|/<»7 7ft«7Ki/x.(opo 

0)Hex , Sm^y 7rg«f^ X=(01E0)Hex, * -7 > h tt-(l)Dec 4<R*a 
**K UT, IE^ftfl«K, *U »«'«»7r5fe«TKUX-<0000)IIex. § 

20 7 r«**-f X-(01I0)Hex. * > Mfc-( 2 )Dec £ * £ n * „ ft 

^T. KAfHiMK, Hfi =(0)Dec,A' y77 7KU 
X Uy±-9X m =(0000)Hex, mm (-b^JUffi) = (0)Dec, '< y 7 7 T V U 
X (*AJHtt) =(0000)Hex. a«i5-77^-(l)Bini«*i&*-n*. $ & IC. 
tt£ft*«*K. (±, St =( 0 )Dec . ;<,7r7Fl/7 

25 yfe.-^JUtt) =(0000)Hex, St C*A,JHffi) -(0)Dec. ^7 7 7^7 (* 
=(0000)Hex, ^»^7-7v^=(l)Bin 
HIS (e)li, CPU2 5i<2»Boy » *- ?*R*iH Lfc«©* * y « 
«ll««tHTft«. 1 3 (e) IC*tJ-*SM*U 2 2 ©fc!g© 3 «* 
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*§=(288)Dec, j< y y 7 JfeST K U *=(0090)Hex, -b * > h £fc=(6)Dec *< 

«or, «if^n®«K, nx\ gs* a* y«b-s;*ffi) =(o) 

5 Dec, /<*7rTKl/* =(0000)Hex. if =(0) 

Dec, /<»7r7Kl/; (-te-MMfc) = (0000)Hex, g§*i ^ - 7 v .^-CDBini 

-ft£t>*>^ mm (>-jrt-i>ffi[) =(144)Dec , /<»7 7 7Kl/^ (*y-b-v? 
10 #fir) =(0000)Hex, g£fi (-fe^ffi) =(144)Dec . /<»7 7 7Kl/7 (-b*# 
&) =C0000)Hex, gix5- 7 7 ^=(l)Bin £fc£ 0 

Bl 3 (f) « % A'XK05S|oy yt-i>©ft»*^ggL W ^ 

LT^So 3Sg/3fiO*AT?*«ci*B«L, -fr;l,77^> hfcfc* (O)Dec 
15 fctf-fe* h£ti£ 0 IS^M^K, ;^$> x 3ft'<V7rftSBT K U 

X = (0000)Hex. S«'<y7rffi«*-fX-(01E0)Hex. -b «7 > h £fc=(2)Dec 
M*&*tlZ 0 jfcic^ SISM^K, fc. S*'<v:7TjfcHTKU*«<0000)H 
ex, SflT/ty 7r««f-f X=(01E0)Hex, -b ;U*7 * > h gfc=(0)Dec tmM&tti, 
*^r. l^llttK, US =(144)Dec , /< y7 r 

20 7 (^y-b-y^ffi) =(0000)Hex, M =(144)Dec, ><V7 

vTVXsT, (-b^ft) =(0000)Hex£M*&2ft ( 5o Si 3 ( d ) 

IC, ttarft*«*Ki L^SOi^lc, 81x5-77^ (DBini 

m&mztiz 0 s&c lasi^^^^K, fi s mm t*v*-i?mm =awve 

c . '<y7 7 7Kl/7 (^y-b-S?*fir) =(0000)Hex. g£» (-b-MMfc) =(144) 
25 Dec , /<»7tTKI/* (-b^*ffi) -<0000)Hexi»*i&*n. iHSfPgl 

Mi 9 -75$^ (0)Bini*tiAttlSo 

* LT> / y -b-^B OX 2 4 A®**&*«9flMR*<**&£n. Sff- 
*S=(0)Dec. -7 rSfc^T KUx = (0000) Hex, -b;U# ? > hifc=(0)Dec tt 
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^1x5-77^ (l)Bin tm%&£tlZ 0 
m 1 4 (a) fcU'*Xl<D6Sg©> y -fe-.;?0i H @ © -tr ;U £• § ft LfcB#© 
^•J**EI**tHT?*«. tt&ftgtflgttKi |«;<, 77j fe 

HT KL/X = (0000)Hex, y 7 r X=(01E0)Hex. -tr ;b7J * > h £fc = 

3-&£n> -y 7 r 5feglT K U X = (0000)Hex, SflT^y 7 7 ««f -fX=(01 

EO)Hexd^ btlSo 

^LT, I£fl!|M«K, #»*i&*ft. ^A',7r^7 Kl/X = (0000)H 
ex, S^<v7r0«-b->rX=(OlEO)Hex. -fe;l/*7 7 > Mfe=(l)Deci tt 5 a 
10 tt^r. ilf^iiiK, Am*&ZtlXs mm yb-s;*tt) =(144)De 
c, '^7r7Kl/7 (^t-^#tt) =(0000)Hex, g|fi (-fe;H*ffi) =(144) 
Dec, '^7r7K^ (-fe^fir) =(0000)Hex, 8iX7-77^(0)Bin*7 

So 

tt&fHMMftK. a<«£&£ftT. £13 =(144)De 
15 c, ^•y7/7Kl/X vfe-5>l|Mft) =(0000)Hex, (-tr =(96)D 

ec , '<77r7Kl/7 =(0030)Hex, Six ^ - 7 ^ ?* = (0)Bin£ 

20 Ii«K, 7 t 9tMT K U* = (0000)Hex, ^•ff/< >y 7 7 -Y 

X-(01E0)Hex, -feyU^7> hHfi:=(l)Dec *u ^{C. fifilff*«l«K, 

fc^ y 7 r SfcSfT K X = (0000)Hex, ^{f^* y 7 r >T X=(01E0)Hex, 

h£c=(2)Dec itliiitl5o «^T. fflS:#*0«K, g£» 
=(144)Dec, /^7 7 7K^ y -fe- =(0000)H 
25 ex. mm (Hr;U^(4) =(96)Dec , /^7r7Kl/7 (-b^flr) =(0030)Hex. 
gix 7 -77r=(0)Bint^*iitn5 a *I:fcfls3fcffi«K , M\ 

y =(144)Dec . 7 r T K U X (>y-b-'7^fi[) =(0000)H 

ex, (-kJUmm =(48)Dec, a' 9 7 7 7FI/7 (-t? =(0060)Hex, 

Mi7-77 ^=(0)Bin<b«gii^tl5o 

3 7 



m 1 4 (c) li, ^lO6S|(0^t-j;(0 3 Si©Hr;l/&§(i Lfc8#© 

u 0«EIB*^1-Bi7f* »j> mftuDmm&fftztotiz. &&&&&& 

K, M'<y y 7&mT KU X = (0000)Hex, 7 rffi«f X=(01 

E0)Hex, -i?;U#-7> hg&=(2)Dec *&3£fE£«#K t IC, £ 

5 «/<* 7r^7 KUX = (0000)Hex, v 7 r «**-f X*(01E0)Hex. -b^ 

>h&=(3)Dec tHiciASttSo m, T% tt£f|s*««K, U 
y^-VM^m =(144)Dec. /<y7 7 7KI/7 (^y-b-^*ffi) =(0000)Hex, 
81 (-fe^tt) =(48)Dec , /<>7r7Kl/7 =(0060)Hex, g£g 

X7-77^=(0)BintI^iitn5o «&fMH6«K, ii. 

10 =(144)Dec , /<»7rTKUX v -fe- =(0000)Hex, 

mm C^J^mm =(0)Dec , /<»7t7KI/7 (4r;MMB0 =(0090)Hex, g|gj. 
7-77^=(0)Bini»giAttl5„ :n&©Hl 4 (b) . 14 (c) T'fcU 

h$tl5o -ftt*>5. Hi 4 (c) Ki^flSfcEitofco&JSKiJ:*^ -feyi,** 
15 >h£fc#? (3) Dec '<»7 7 7Kl/7 ("fe/Miffi) =(0090)Hex. iH:fi^7 

i0^t-i;i;o^li N ii2 (e) . ( f ) |CT, n4fr, fc *> 

©T?i&3o Ell 4 (d) (i. CPU25*<3»B©y »*-'7*R*lULfc«0 
20 y*iJ**El*StHTf**. COS 1 4 (d) 2 2 O60 

tt (7 KUXO 0 9 0~T KU7 0 1 8 0) gfl#C$*l£ 0 

*S=(0)Dec, ^»7r*a7Kl/^=(0000)Hex, -fe;l>*7 * > h & = (0)Dec , a 

tt^Tx «aa:^3i«s«K. oK*a*jj<sn-^ o vt-yjiMa) =(14 

4)Dec, '<-;7 7 7Fl/7, ( ^ -fe - =(0000)Hex. (-t?;H£fe) = 

(O)Dec , /<y7rTKUX (-tr;H|i&) =(0090)Hex, SlX7-7 7 ^=(0)Bi 

3 8 



10 



*tt*>S, Uv*-V$L m =(432)Dec, '< y 7 r 7 KU7 

=(0000)Hex, ^* (*A,JHffi) =(288)Dec, ><yy r7 ri,x 
tt) =(0090)Hex, »iX7-75^-(0)Bin44* o 

*«'<»7r*«TKU*-(0000)Hez. ,7 r ««* -f X=(01E0)Hex. * 

^*-7> h£fc=(3)Dec *<R*i&.*tl«. 

ex, M^,7r«f^-(0U0) tel * ,U* * y ^=(4)Deci « 5 . 

fi^Xffi«K. *<»*a*tlT, =(432)De 
C,/<,777K ^ O* =(0000)Hex, g|£ =(288) 

Dec, ^7 7 7FU7 (*** tt ) =(0090)Hex, - 7 ^-< 0 )Bin* 5 

15 -5 0 

«**ft««K. *c«#a*ftT. HJi =( 4 32)De 
c . ^7t7KI/7 =(0000)Hex, g|» (*A,*ffi) =(240) 

Dec. ^7 7 7K^ =(00C0)Hex. Mx 9 - 75/ . (0)Blll t * 

So 

20 (f) tt,/<xifl>ef|oy,t-j; jDWmtjt ^ 

»7t*«7K^-(0000)Hcx. *«'<*7rffi***X-<01E0)Hex. * 

KbX«(0000)Hex. 7 r X-(01E0)H«. * ,U* * > h & =(5)De 

25 c i#fti&*n*. *^T, I4M«K 8 a» y = 

(432)Dec. -',7 7 7 K^ y v?lMfc) =(0000)Hex. (*A,JMft) 
= (240)Dec, /<,7 7 7Kl/7 =(00C0)Hex, »»x9-75^-(0) 

Bin ±»*ai*ft*. fflst^«* K , a:, as y*-i? mm . 

(192)Dec. ^7 7 7F^ 0*»*-5;*ffi) =(O0F0)Hex, g&» 



3 9 



4»l/ t-etAW4:itM1() ***»VHM« ( 4 )De 

#ft-C240)Dec. '«»*,**XKl/x.«0«»fcx. ■****> Ht.(, )he * 

ST, iiaoH! o (a) ~ (d) *m»T«WLfc«f|:79 y * m , fc » fc 
a»**l=oV,T, £3! 5 (a) - (n MV , T< » M „> Mllfc||#a 
*ent*#»4 mBBt8i *©« K , HI 6 (a) ~ (f) * 

HI 5 (a) ~ C f) ,U (W7»« gl , tf , awttmLtfw 
7*««*TKl,XOOOO*&TKUX0FFF (4 .^|.) iUtlffl 

*««««*■!■***■■,*«. co015 (a) 22<07 



4 0 



(K 1 ) 0 1 + 0 

10 lt*»TKW« W HtMLt».». ^-n,,*^,,, 
**** 12,1 5 (a) ^^-^BOXWWUaW^-i;, 

2 o b) » a$tl «a*n* : *»** (oy ,*_ { ,», 4##aai 



W,*-MOXI/i»W 4 |., 4 1b 4 
i =) o« aimillt . tt:i , TfmMtMtsj:jc ^ w 

<5 o 



4 1 



( i ) ^1?S 
(i i) H2^1* 

10 *fitS^ y*-?jR|MM$tt .;t-j?BOXl/^^ 4 1 a, 4 1b, 

"To 

015 (b) tt. vb-S?*<#§ii4nyS:l^Ofig«Ell*^f Hi? 

c©eii5 (b) {c^-rgEa«. 5 t^^&tt^y y-b- v?*<§-(t 

15 ttt^ot^ 7^-M/i?7^4 0 a©3|^\ 7 KUXO 2 5 0 

SI 5 (c) (i. 2 Sloy y-fe- ^*<#$ii*nfc«f<D<!I«BB«*^^BI'Z? 

5 (c) K^iJ-gegte, 2 feJUfr&ttSjt y "fe-v>;6<^{i$*L*; 

$>X*4 1a, 4 1b, 4 1 c«*ftfn, 

7 KUX 0 0 0 0 . ^ v£-Pft*JU%.5 tmmi-Z tt&K^ * y -fe-i?#-(§- 
2, ^7t-^i7Kl/X 0 2 5 0, ^ y -fe-S>rt-fe;l/»[ 2 ^Lti^. 
Hl£lc. 0 15 (d) tt. 3*B©* y-fe-s;#*£&*nfcBSf©ffi«Ell* 
25 ^-TEI^^t). 015 (e) «U 4 SB©* y Hr- nfcB#©fiittE 
g^-^^ElT'*^. 01 5 (f) « % 5fiO^ y Hr- ftfcH*©® 
«EK*^*EI"T?ifcS 0 C*l&©Hlc|2«*T^5Citt, mi 5 (c) T-I&BJ 

C©«k-p{cLT. CPU 2 5#. »«77mt, K*ttJL8r-C*<5frS^ 



<fc 9 ic ft £ © 7? & <5 o 
* E> ■**>'««WMt*. HI 6 (a) ~ (f) H , 

5 5. (a) ~ („ C*f««,<, 7Tlw , Ktt , 

»*Ma*ftTH*. CKl) ~ (Ka) «, th «i ( 7 

_ B1 6 U) R ***-8ifOgi*E«***-Blr*.5. ;egl 6 (a) e 

io 0 2 5 0 ), »hw,*-j>j (rr^om-TKM 

0 3 5 0 ) v •*A»*o, f B j)jl , t _ )<) , (7K^«3S D ~7K^ 
0 5 0 0 ) , l**«««)4»H«> J i,*-S»4 (TFMIl,,) , , * A 

15 CCTf, ftU77^ ^-hU^40a, 4 0 b £ , * „ *- j, B O X 
WUa ' 41b ' 4 1 c-iKo^Ttt, ±2L^0i^ 5 ^ 

SI 6 (b) *»B©^»*-^«*(Bstifc«o« B «**f H T. 

° T ^« -®^> 2#B®y ^-v?|:o^0^7.7^ (K2) (±. 
(K 2 ) 0 2 + 0 (MS) 

HI. 6 (c) 4Sl0^,t-^^ n ^ Wm - t@T 

(K 2 ) 0 2 + 0 (MS) 
(K 4 ) 0 4 + 0 (^1) 



4 3 



(K 6) 0 6 + 1 Ofc&g) 

mi 6 ( d ) a. 9igo^ t - mmtfts|Bfi;l ^ -j;i{|| 

(K 5) 0 5 + 1 (*&S) 
(K 9) 0 9 + 1 OfeftS) 

itt*. UT> CO (K5) J*. **aiL*fcO 5 + 1 Mi) <h*£gj|*>5, 
10 Bl-6 (a) It, lOIBc^t^tT.,^^^^^' 

(K 5 ) 0 5 + 0 
(K a) 0 a + 1 
15 £ 5 0 



iitK, ©7 K U X K i j&<£j£3*iS 0 

SfcTK^&aftfcllifcfMllfcfcK^ (Kx if*Lfc««) Of-^ow* 

Kx f-^^^|;LT, X-fy 7N 6 OSI^'y 7 r ^©^jgMS^frttfcft 
20 5 o 

$t»fc N ^t^n 6 ic*5i>T©gflr><* ? rmmmmmma, &©<fc?K/«£ 

25 ffl:£ffc3iffi«f f -*©PATHEN»£K:fiEl,^ ^ y i^SStfel^ 

4 5 



Sff B#iCli, Xf-y 5 -?tt*tti§ftrt:*y 9 T y 7ffit&7 i - ? ^ <D h 

15 SottSWrttfciiT* aix5- (B!)®ra*<l**5HMt<Difr) a<IS£L 

■b-?Oft»*HSgt5*?> Xf 9 7*N 8 -ett*tB*nA:ttlfc^||tfg«K, 
T-^CilX7- t'-y MC7 7^3iTT> ^ty©7 FUXr-^rt 

4 6 



«9> ^f»^N 1 3 iC&^T. ^ y -fe-v*B OXil^]MS^fTn£t>tl-5o f 

tO^ylr-^ST^TtSo *LT> * y -fr- s? B 0 X«*C*ft&* ft 
5 d <fc K «fc *K C PUfC I RQSft$n«, 
10 HtfT. Xf .^N 1 4 {CfeV^T. CPU-vO^ vt-$?BOXSS*liJLAta 
rt<ffft*>ft£o -#-/«Ct>^. CPUli, I RQa^^lCx y -fe-i?B OX 

tt&x Xf»;^N 1 2 T?. S^-tr;UT{i/«s:^<b^J^$tlS £. NO;l/- h££ 
15 *K X^y 1 izM<0 , ±IE©Xfy^N 2^bXry^N 1 2 3=7?©, Xf 

y -ftmiDMznzo 

tii£ft*„ X:r y 1 6 ic&^T. £S«jgfr£ft. 7f^N 1 7 fcfc 

COJ:-5JcLT> — :>©-fe;l>a<g^$ftfc£ tic. fot^/KHLT. ±12® 
* fc* CcD<k-5{ct-C. Iggfc^x© A A L 5 ^ y -fe - i? &<&Mt £ C i^Rltl 



4 7 



Tti, PCBiLT03Xh^->>i<fiISn«. 
5 tctttK ^MOT-^O&ii^T^^icfc*,, 

10 OATM-fe;UO/N # x*<ttitH*n. ^a6IS:S$nA:T K UXt-7*;1/^#I$ tl, 
*1<5 (Xf^W 2 ) o 

AAL 5 ^ »t-';©t»**K <€-*lJ^;&^&d6$ft£ (7fv7"W 
15 3) 0 ^LT> ^fy 7W 4 ^fi -feme's y ?fo<D pTh*»; h * 

y ^£*IT. PT= 1 tt&«»-b^iJ|siJ3E*n. ©i&-fe;U£ttL V*t*) 
(mi 9 © B ittLfcfl&BffcM) . PT=0t£ £*i&-t?;l^^<h¥ij^£tu 

25 ft-t?;HCMLT. > v •te-V&££T~<Dffin%:Wmi-Z>t y -fe-^B OX - U i? X 

4 8 



io 7 Ki/^icfcits, fem? ? y<DM&th LJiit'7 h^s^ns, 

o i i ttf&iomzfrzx'&Zo -et-c. xf-^wi i -c\ m&thLmmmo 

15 illi, NO;l/- h£<h*K ^fyT-Wl 2 X*- h <Dm.fr 

Mff^nr. XT-y^wi 4 © i •bjigimta-mfrmT'f&o 

xf»yywi llcfe^T> m & fct} L t: y h fr^m © t § , -te;t/£# 
5^#0^^gg-t-^g^^so-e. ye s;u- h^is, 

©^*0^s» *<o^& n - mm. xr^^wi oici^ ^07 

SI 8©^<l!|©;U- 7f-;7*W9 zT*^'JHSoaW£t^5 

yh$ntit£t> (s n = n ) > *<Ds<x<D§Lm'<v ? r mma. mm^jvzm^ 
^m^<y -y r ffiwztftJiMitzntz'&iz 1 #a N 2#g©^ y-t?-v?©^ 



4 9 



5 Xf^Wl 0 ztcfe^r. X7^-/W7-efS:£$ft*:^ vb-yBOXU^ 
Sft. -otto* »-b-^»*a**Ttt»K:j|*. 7f-^Wl 2 icfc 

C*l*Ck»K Xf^Wl 4{cfe^T> tWT?05g/<,7rt|^ot 
20 t-v?f^i^0iAtn5 o 

25 sncbtfx mmt'y h= nc^tiSo 

>To- Kt*-* (4 8/<-T h) #*£i&$jf-u 7fy7-Wl 8fc*il*T\ 
0 , W 1 1 MS tf y h = 0 ft x-r- „ 2 0 i£xt<3-. ^1 fcf »y h 

5 o 



= i / i^T7 -fw i 9 z iz&m-fZo 

©«***•<•**:/ h 3 tlfc* 6 (S 1 =n)^f^W18 zizm*. *<D 

»aa**pr£*-s Uf,yw2 o Z ) „ 

10 fro 

CtlJCfctK ^fyyW2 2l;fe^T^ p< * t-v?ffit.©5|A' 7 ^ T £gj|$ 

^©«a**att*T*-*. fit, Mxf^WlfcR,T, &<D2tl**- 
Z ATM* JKD'&®VtmttZ& e 

^f-^R it-. n>ifc©,< ^-^ttiftsnj, ^Lt, xf y yR 

2{Cfe^T. MCAAL 5^ y -tr - S**<5flf>< v 7 r |R«rt KttJft $ tlT V> S 
25 C£*«*KL;fcfcl^ CPU C7r-A"7:cT) tt»*ajt"^S> 



5 1 



X*»7R4C*l.T. X^-^Wmj^ 

5 ^n-Kf- # i*»><<rh) #m*<**tu, *j B( feat-., h = ooi 

*«, M , f , ?E4 ^ 5i tot^siiit^ 

*<««*fttei* K , to t *ftef-, 4 t IRtlatnTll<J . j| . tSi 
:WicU - -'OWfSBSfttiii:, tot*em. t , ±13© 



(B) zam 

5 cic J: Ox $ T KU7f-7^2 a, y, 

■fe-^BOX2 4, Si'^7rS«0^i«li 4 H 4 © J: -5 ttK«j O^fcR 6 

S ±&©p< * -b - y ti N * 7t-i?i<7^^f->> 3 > 1/ 

io >r >*-wiinc, -bfr&T yztr-i/ a >u-r-f©^ y-t-^ 
is tt*. ^faw^affl^nsT^r^-s/a >u-r^«. aal 5kib&?\ m 

©AALO, A A L 1 , A A L 2 , AAL 3 / 4 iffl^S C i fetrS S« 

* H6 ICfc^T* ^ffi^ *U«i|»SP2 1 e iC PU 2 5ili, H 5 <h HO 

tt> tftBJi©*:*^ ^SU^^-i; 2 2 ©*«l£^ LtUSo 

20 

^Mi±©?ijffinrtitt 

SfeiSlc^OiEtticfi 1 ^ ^^^{ci&^n. ATM©^N°x#tt-e©v;l/^3/^ 
25 ?'>a>g^^\ ^nJXte bOiZtz^xMiZo #f&HJ§li. gfg- L A T M -b )V £ 
^ A ^ST\ 7 y fcfcSj&trdtlcJ: !k ^UCAAL 5 ^ y-fe- 

AAL 5 ^ "yt-^liiguct, ftitSSf ^'7 7 7 ^ * 'J OX^y 

5 3 



i^faicgffi-ei, p CB®«a^«iB«*<H(«$n, o^rti. pcbh 
-con* h^^>*<«iii$ns 0 



ft * <d fa m 



1. ^J^S©^ -yfe- v^^iiJL^^;U-e*oTs ^ 0 Xfjffg£W<*-£-t?;U£^f 

-rs^fl^g: (2 lb) 

5 m&m^® (2 lb) (cr^{f ^n^^m-fe^jco^rcDm/N-xm^^^ttj u 

2 2) -SrlSJ^T*;* y -fe - «9 ^ (2 1 e) 

* aa-c^a (2 1 e ) ^riPjo^T&nfcRy * u®« ( 

10 &&m®.ttttWt (2 3) 

R«&**s<fc##^a ( 2 3 ) Kxns-isiutzmmi*&*mmz'&L-ixm%: 

iW»^'J«« (2 2) fC#gi&tr*|ft^a (2 5) £**fc*.-C«lfc£ 

15 2 . vt-vmi&m*) M§r^a ( 2 1 e ) *u 

tltHz)lsm.t&K^lzMmttV ZtitiT Kl/^Sii (2 3) i Lti> * U «S 
^(2 2) KiS:tf£7 KUXgli&^g^^ 
20 R^{t-fe;l,£^ y*-5>J|i<fcT?tt*ajL 5 y -fe-S>«Mfti!I« (2 

4) &|*jt«Ufigtt (2 2) icffctf-*^ v S> CH^ttRjg^ft T 

3. R»S&*JKtttf^a (2 3)^\ 

tsi^ ic^^^n^d i^-^^i-r^. w^ofgfflm i ^fHigcD^ y -t-vm 

4. ®«§iA^JI|Sfir##^S (2 3) ^\ 

5 5 



5 

5. »»£&*JI|S<fctt-i^S (2 3) 

?-^tt5x fi^OlSfflll 4 ^te«®^ «yt-^f gj\^^i 0 

10 

6. mm%&&mGLtt^gt (23) ^\ 

k>*u«s« (2 2) rt»c»sflr-b^*»*i&tffcj6©»tii*ttii*sat- 

£5fcST Kl/X#j$3P (4 0 a, 4 0 b) <Dm.mt^ tl*:^<fI-fe;U 

15 ia. 4ib, 4 i c) <z>m.7jkt*mfrtai-z. tiz&^x&wi* &&&&&& 

7. ^»^iA^JI|Rfe##^S (2 3) ^\ 

20 m^rnr Kux«jtap (4 o a , 4 o b) <z>sjj*£gM mam* as 

(4 1a, 4 1b, 4 1 c ) C <hlcj; gff -fe £ & 

25 

SI. 

5 6 



9. i7m-y 3 >Kf^AAL5A^M^fc;i^ iit ^ W 

(2 2) Kminttmmxryrtt^jLrmaztelt 

1 1. **0W64 4 >,t-i>o W hot^*, Ut , JW (2 
20 ( 2 2 .,2 6) ±, 

*u« (2 2) «*a^c4^*tifc»«*a*jB ttKa 6^ T% K , 

^-yt»W*2fa( 2 2 , 2 5 ) 
***U«« (2 2) rtT»*i&*nfc»«fflHr^o^ 
25 *ffiH|*4*t ati ^^ WftJ(f<(Uai 41b> 41c)cD ^ 

© (2 2, 25) 

***'J«* (2 2) ORftUO, ( 2 2, 2 5 ) , ^2?S (2 

2. 2 5).*3^«( 2 2. 2 5 )0^ lW _^ g ^ L - 5M 



5 7 



10 14. *jRo-fe^64«^ v-b-^©*netl©-b^-e*-3Ty*U«« (2 
15 «U«« (2 2) fc»*at?CiT?W#*nA:K»*a*J«ttic|6^v>T. am 

m**vm® (2 2) rt-e»*i&*nfc»s«-fe^©^ 
20 fyyi^/u, 

K**y«* (2 2) OttJEicj:©, |Uf^, |2Xf^, $3Xr 

«^^ai»ap (2 i a) 
*'<xmmm't2 i a) ^&m**n*tt/<xflt*fc#jsLT, y*u (2 
2) a&*iitt*tt^L, *3&*«tt<z>**3 tm^m&o 

5 8 



imfflmm (2ic) <t. 
mxmmmm (2 1 C ) frzommmniz**)^ n 

^a<i^i:ii#(^tifc7 Kl/x* (2 3) ^fu — oonTjgft©,* * 

smsrw (21b) 

y -fe-s;«afirT8P (21b) ^b©mwstf^<bg^^$ij®g|5 (2 1 

c) *&Ottft2*&&*flMK&k: J :! K t***U (2 2) ft 
L^*y*U*|»« (2 1 e) i**ttiT«*snfc:it*iit«, rT§£ 
10 &<DJ v -tr- v^^jA^ffloy ^ ij 7 p L/x$ijaF|sIgSo 

1 6. «Tgg©.* **~^*#*IL;fc«fc3ttfc***3^L*©gm*;l,*& 
'<*«f**«ltfj*- S'<*BBff (2 1 a) i % 
R'**B»«5 (2 1 a) *&itia$ftSR/<x««ica*fcLT. ^^e>J (2 
15 2) ^6B*tfj-rB©K*mL«tt*ft#L. tt*ttJLflU*©*ft3&Rn:£ft 

(2ic) <t. 

tx&mmmm (2 1 C ) *&©Rtf«tt«icj;»K R^flHRicttfc**, r 

20 *»4«<a^fcm#tf6ftfc7 KUxjg (2 3) ^fL, -ocwio^ 
SJfcftT* (21b) 

(2lb) *&©R*9tttt£R£ftffl» (2 l 
c) *&©R»2K*flLflMi£K:J:iK R**y (2 2) L 
25 L^«>«U««B (2 1 e) £**tt*T*«3 ftfc c: £ 



5 9 



s m m 



^ (2 1) fcfc^T, (2 1a) , 

*-5>tt£-C« (2 1b), £tt«f«|* (2 1c), P^g|5 (2 1 d) , 
t'JfllM (2 1 e) **tt*r«*L. »ftLfcATMmM/<,7 7 |: 




I /27 




2/27 




3 /27 



U4 



PATHEN/CRC-INH/ 
LENGTH - 1 N H/ 
AALTYP 



\PATHEN/CRC-INH/ 
\LENGTH-INH/ 
\ AALTYP/ 
24 v FIFOPTYERR/ 
\ CELLCONT . 




31 



OO 





\ ■ 

\i 31 



oo 



4/27 




5/27 



r 



CVJ 
CM 



CO 
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CVJ 



ro. 
cvj 





• 




■ 




• 




■ 






























N 








CO 


K 


K 


K 




V- 


V 










6/27 




8 



jQ 



III 

ill 

III 

III 

ill 



3 















o 


< 


□ 








o 


< 


□ 








K 




K 




ro 












CM 




X 




X 










N 


N 








CM 


CO 






K 


K 


K 






V 
"N 


V- 

•s 


V 












7/27 




8/27 



■to 



i 

CM 



•to 



05 



CM 
CO 



i 



;:>;:>: 



1; 



o 

CD 



JO 
CD 



CO 

CD 




9/27 



O 




O 

o 



o 



cd 

O 







CO 

1 






U3 
1 

•—I 


flu 


— SH 


¥ 

r» 






X 

r» 




10 /27 



CVJ 
CO 



eg 
i 

04 



co 
i 



m 



o co to cn 



U ^ W lO CO Cfl 



lii ^ ^ < O CO CO CO CT> 



CVJ 
CM 



O CO CD 



CnOLL.CMlOOOm UJ^-^fr-j«<QC3COCOCJ> 



CVJ 
CVI 



co eo co cj> o 



CO CO CO CO 

cm in co m 



LU v— ««f r— -< Q <o co co cn 



CVI 
CVI 



CZ3 CO CO CT> CJ CM LT3 oo 



« — -*t- r — < Q o cn id en 
N N CM CNI CM CO CO CO CO 



CM 
CM 



g S CO g O fe CM to CO « Ui - J* £;j j5 O <= CO CO o. 



CO CO CO 



CVJ 
CVJ 



ocococnou-csiio 



CO CO CO CO CO CO CO 



^ — ^-CMCMCMCMCMCOCOroCO 



11/27 



CVI 
CM 



CM 



o co to cr> o Lu csi lo oo m 



rrrrrrrr ^c^csjcvicnjcvjcocococo 



CM 
CM 



a> 

CM 



ocotocnou-cviiooocQ 



!I H IT !T t-NNNeMNCOCOCrjCT) 



CM 
CM 



3 

CM 



o CO CO CD 



S £ 



CM IT) OO CQ 



CM 
CM 



CM 



COCOCOC7>OU.04LOCOm 



»-^r<-<Qorococn 

CNICSICNICNIOJCOCOCOCO 



CM 

CM Innn 



-Q 

CM 



CO CO tO CJ» CJ 



CD O CD <=> O 
U. OJ to CO OQ 



OJ tO CO OQ UJ^TfN<QO(ntOCT> 
-^--r— CMOJOIOIOJCOCOCOCO 



CM 
CM 



CM 



OCOC3C3C3C3CDCDCDCD OOOOOOOOOO 

ocotocnuLLCMinoooa Uj " — t — -<*: o cd co co cn 

OCOCDOCOOi— i— r-CMCMNNCMCnrOfOfO 



12/27 



CO 



CM 
CM 



IT 



s 



2g| IgSSgg 



ilislliiil 



CO 



CM 
CM 



8 



S 



I 8§gg£8S§g 



Siilliilll 



CO 



CM 
CVJ 



CD CO CO CJ> O 



g n K S S 



CSI CVJ CO CO CO co 



^" CM CM CM 



s 

CO 



CM 
CM 



D 



V—/ 

CO 



CM 
CM 



IiI|8SSS§§ 

cd c=» «— « « "^r «— 



| i | ~ ~^ «— » *— » O C_3 



CO 



CM 
CM 



Ilisgsssg 



ZZ C£ jrr 5? ° CD CO cd 



13/27 




in ra m 



ss&aaisse 




CVJ CO CO CO CO 



CM 
CM 




« 




s s a 5 £ s s 



CO CQ 



SifgSSS^Qoc^ 



3 

5 



0J 
CM 



CSI 
CO 



I 

CM 



SSSSSSSS<=>«= 



EI 



CM 
CM 



« 

s 



slisgsssg 



CO 




o cq to cn o 



S S 2 S 2 S 5 <=»■ <=> <= 



14/ 27 




15 / 27 





CM 




(M 


CO 










CM 




CM^ 


CO 




V— 




HI 






7TTTTT 

o -Q 00.00 

? ^ ^ ^ 



16/ 27 



U17 



N4 
M5 



N1 

N2 

N3 



jYES 



NO 



I 



NO 



£ 



r ? 



*iZ-V BOX 



cpu\Mr-7 box 



4aiM«i«k 2 



N6 

•N7 

N8 

N9 

NIO 

N11 
N12 

N13 
N14 
N15 
N16 
N17 



17/ 27 



II 18 



W1 



ATMtM^f 



I 



T 



Mr? 7 



\ PT=Q / 



-W2 

■W3 
-W4 



~T 

no /m\&m£<,Wr~,n 



W5 
W6 



3 



YES 



MS-7BOX- 1,7X9 

1 



1 



I 



-W7 
-W8 
W9 



W11 



/ W10 



I 




W9z 



^->*BOXl.>- 
*7*7')7 



W10c 



— W13 



t,m.m^m — wi4 



-W10z 



•W11z 



18 / 27 



H19 




<*> 



W15 



I 



•W16 

W17 
.W18 





Sn=0- 


*n-1 






Sn=n 


I ^W19 


\*rm ? /*V*jbI 




|N0 


Wi9z 




W18z 



.W 19z-2 r W 20z 



•W20 

W21 
-W22 



YES 



I9 /27 



1120 




a 



\jjg g ? 



YES 



-R5 
NO 





if ih 


\ 


r 






r 




< 




\ / 



R6 



R7 



R8 
R9 



YES 



NO 



R10 



20/ 27 



U21 




21/27 



© 
E 

LU 



to 

"3 
o 



CO 
CVJ 



o 



mm 



CM 

"3 
o 



o 





® m 


S 1 

I 

! / 


2C 
1 

V 

l 




© 








CM 
I 




2 

® i 












< 

e «« 



<D 

e 

uZ 



CD 

E 



E 

CO 
CD 
u 

4-* 

CO 



a 
3 



CO 

in 



U 



CO 
**: 

"3 
o 

5 



eg 
o 



^illllllll 



/ 



o 

< 



CD 



CVJ 
CM 



CVJ 
CVJ 



22 /27 



r 



CM 
00 



I 

VP 



O 
00 

\ 



GO 



I 



00 
\ 



CO 
CM 



CO 







I 


it 

















23 / 27 



H24 



ATM tiL^Hl 



F4 




YES 



24/27 




CVJ 
CO 



in 

CVJ 




> 



K 



K 



25 / 27 




CM 
CO 



CM CM |_T CM 
CO CO CO 



CO 

eg 






CO 



D 
-fO 
CO 



26/ 27 



U27 



P1 




't /ft ON 

I 



j 

P2-\y 7-* v 



NO 



P3 



YES 



NO 



P4 



YES 



NO 



P5 



YES 



i^^g - 1 y 



NO 



P6 



YES 



I YES 



NO 



P7 



P8 



^gfR^m -IT) 



NO 



YES 



NO 



P9 



YES 



PIO 



ATMtiUtfLf'fi 



27/27 



pCT REQUEST 



1/5 




F04009900690 



o 

0-1 


For receiving Office use only 

international Application No. 


i u Vj> 

/r 




International Filing Date 




"53 


Name of receiving Office and "PCT 
International Application" 




0-4-1 


Form-PCT/RO/101 PCT Request 

Prepared using 


PCT-EASY Version 2,83 
(updated 01.03.1999) 




Petition 

The undersigned requests that the 
present international application be 
processed according to the Patent 
Cooperation Treaty 






Receiving Office (specified by the 
applicant) 


Japanese Patent Office (RO/JP) 


"0-7 


Applicant's or agent's file reference 


IU4UU77UUO70 


1 


Title of invention 
Applicant 


MESSAGE WRITING APPARATUS, MESSAGE WRITING 
METHOD, MESSAGE READOUT APPARATUS, MESSAGE 
READOUT METHOD, MEMORY ADDRESS CONTROL 
CIRCUIT FOR WRITING OF VARIABLE -LENGTH 
MESSAGE AND MEMORY ADDRESS CONTROL CIRCUIT 
FOR READOUT OF VARIABLE -LENGTH MESSAGE 



11-1 

N-2 

n-4 

il-5 



This person is: 
Applicant for 
Name 
Address: 



applicant only 

all designated States except US 
FUJITSU LIMITED 

1-1, Kamlkodanaka 4-chome, Nakahara-ku, 
Kawasaki- shi, Kanagawa 211-8588 







Japan 


11-6 


State of nationality 


JP 


11-7 


State of residence 


JP 


TTi-1 


Applicant and/or inventor ~ 




m-1-1 


This person is: 


applicant and inventor 


IIM-2 


Applicant for 


US only 


IIM-4 


Name (LAST, First) 


YAMAMORI, Akira 


IIM-5 


Address: 


o/o FUJITSU KANSAI DIGITAL TECHNOLOGY 






LIMITED, 






2-6 , Shlroml 2-ohome, Chuo-ku, Osaka- shi. 






Osaka 540-0001 






Japan 


IIM-6 


State of nationality 


JP 


IIM-7 


State of residence 


JP 



PCT REQUEST 



2/5 



F04009900690 



111-2 

111-2-1 

I1I-2-2 
111-2-4 
111-2-5 



111-2-6 
1 1 1-2-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and inventor 
US only 

SASAKI, Takashi 

o/o FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka- shi, 

Osaka 540-0001 

Japan 

JP 

JP 



111-3 
111-3-1 

IH-3-2 

111-3-4 

111-3-5 



lli-3-6 
111-3-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and Inventor 
US only 
MAEDA, Eljl 

o/o FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka -shi, 

Osaka 540-0001 

Japan 

JP 

JP 



HI-4 

111-4-1 

III-4-2 
III-4-4 
III-4-5 



III-4-6 
III-4-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and inventor 
US only 
MAEDA, Masao 

c/o FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka-shl, 

Osaka 540-0001 

Japan 

JP 

JP 



III-5 

111-5-1 

III-5-2 
III-5-4 
MI-5-5 



III-5-6 
III-5-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and Inventor 
US only 
OKU, Tatsuya 

C/O FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka-shl, 

Osaka 540-0001 

Japan 

JP 

JP 



PCT REQUEST 



3/5 



F04009900690 



111-6 

111-6-1 

m-6-2 

III-6-4 
III-6-5 



III-6-6 
III-6-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (L^ST, First) 
Address: 



State of nationality 
State of residence 



applicant and inventor 
US only 

OKUDA, Yoshinori 

o/o FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka- shi, 

Osaka 540-0001 

Japan 

JP 

JP 



111-7 

111-7-1 

III-7-2 
lli-7-4 
III-7-5 



III-7-6 
III-7-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and Inventor 
US only 
OKADA, Tsuguo 

o/o FUJITSU KANSAI DIGITAL TECHNOLOGY 
LIMITED, 

2-6, Shlromi 2-chome, Chuo-ku, Osaka- shi, 

Osaka 540-0001 

Japan 

JP 

JP 



111-8 

111-8-1 

III-8-2 
III-8-4 
III-8-5 



III-8-6 
III-8-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (LAST, First) 
Address: 



State of nationality 
State of residence 



applicant and inventor 

US only 

YASUO, Aklhlro 

c/o FUJITSU LIMITED, 

1-1, Kamlkodanaka 4-chome, Nakahara-ku, 

Kawasaki-shi, Kanagawa 211-8588 

Japan 

JP 

JP 



111-9 

111-9-1 

III-9-2 
III-9-4 
III-9-5 



III-9-6 
III-9-7 



Applicant and/or inventor 

This person is: 

Applicant for 
Name (U\ST, First) 
Address: 



State of nationality 
State of residence 



applicant and Inventor 
US only 

YOSHIZAWA, Jinichi 
o/o FUJITSU LIMITED, 

1-1, Kamlkodanaka 4-chome, Nakahara-ku, 

Kawasaki- shi, Kanagawa 211-8588 

Japan 

JP 

JP 



PCT REQUEST 



4/5 



F04009900690 



1V-1 

IV-1-1 


Agent or common representative; or 
aaaress Tor corresponaence 

The person identified below is 
hereby/has been appointed to act on 
behalf of the applicant(s) before the 
competent International Authorities as: 
Name (LAST, First) 


agent 

SAN ADA, Tamotsu 




IV-1-2 


Address: 


Kiohijoji-Hirose Bldg. 5th Floor, 10-31, 
Klchljojl-honcho 1-chome, 






Musashlno - shl , Tokyo 


180-0004 


IV-1-3 


Telephone No. 


Japan 

0422-21-4222 




IV-1-4 


Facsimile No. 


0422-21-3359 




IV-1-5 


e-mail 


patent . sanadagnlf ty .ne.jp 


V 


Designation ot otates 




V-1 


Regional Patent 

(other kinds of protection or treatment, if 
any, are specified between parentheses 
after the designation^) concerned) 


EP: AT BE CH&LI CY DE DK ES FI FR GB GR IE 
IT LU MC NL PT SE and any other State which 
Is a Contracting State of the European 
Patent Convention and of the PCT 


V-2 


National Patent 

(other kinds of protection or treatment, if 
any, are specified between parentheses 
after the designation (s) concerned) 


JP US 


V-5 


Precautionary Designation Statement 

In addition to the designations made 
under items V-1 , V-2 and V-3, the 
applicant also makes under Rule 4.9(b) 
all designations which would be 
permitted under the PCT except any 
designation^) of the State(s) indicated 
under item V-6 below. The applicant 
declares tnat tnose additional 
designations are subject to confirmation 
and that anv desianatinn which Iq nnt 

cu iu u km any ucgivji lauui I Wlllv«il lo IIUl 

confirmed before the expiration of 15 
months from the priority date is to be 
reydruea as wiinarawn oy ine applicant 
at the expiration of that time limit. 




V-6 


Exclusion^) from precautionary 
designations 


NONE 


VI 


Priority claim of earlier national 
application 


NONE 


VI 1-1 


International Searchina Authoritv 
Chosen 


Japanese Patent Office (JPO) (ISA/JP) 


VIII 


Check list 


number of sheets 


electronic file(s) attached 


VIII-1 


Request 


8 




VIII-2 


Description 


54 




VIII-3 


Claims 


5 




VIII-4 


Abstract 


1 


f04009900690.txt 


VIII-5 


Drawings 


27 




VIII-7 


TOTAL 


95 



PCT REQUEST 



5/5 



F04009900690 





Accompanying items 


paper document(s) attached _j 


electronic file(s) attached 


VIII-8 


Fee calculation sheet 






VIII-9 


Separate signed Power of Attorney 






VIII-10 


Copy of General Power of Attorney 






VIII-16 


PCT-EASY diskette 




diskette 


Vlll-17 


Other (specified): 


Document attaching 
the revenue stamps 
equivalent to the fee 
of payment 




VIII-17 


Other (specified): 


Document certifying 
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